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ABSTRACT 

The  Foremost-Cypress  Hills  area  Is  divided  into  six  physiographic  units: 
Cypress  Hills  Plateau,  upland  areas,  till  plain,  lacustrine  plains,  river  channels, 
and  canyons.  The  South  Saskatchewan  River  drains  the  northern  part  of  the  area, 
and  the  Milk  River  drains  the  southern  part.  A  small  Internal  drainage  basin  Is 
centred  on  Lake  Pakowki. 

Glaciation  only  slightly  modified  the  preglacial  physiography  of  the 
upland  areas  but  considerably  altered  that  of  the  lower  tracts.  The  preglacial 
valleys  in  places  contain  more  than  250  feet  of  glacial  drift.  The  Ancestral 
Oldman  River  and  the  Ancestral  Milk  River  drained  the  map-area  In  preglacial 
times;  both  occupied  broad,  open  valleys  and  flowed  to  the  northeast. 

End  moraine,  including  washboard  moraine.  Is  the  most  widespread  glacial 
land  form.  Others  present  Include  ground  moraine,  hummocky  disintegration 
moraine,  linear  disintegration  ridges,  drumlins  and  drumlinold  ridges,  kames,  eskers, 
and  flutings.  Proglaclal  land  forms  present  in  the  area  Include  outwash  aprons,  a 
loess  plain,  glacial  lake  basins,  meltwater  channels,  and  spillways. 

The  colour,  texture,  pebble  composition,  heavy  minerals,  and  carbonate 
content  of  the  several  till  sheets  in  the  map-area  were  studied.  The  texture  of  the 
tills  is  largely  controlled  by  the  underlying  bedrock,  and  the  younger  tills  contain 
less  carbonate  pebbles  than  the  older.  The  carbonate  content  of  the  till  matrix, 
and  the  heavy  minerals  must  presently  be  regarded  of  little  value  as  parameters  In 
differentiating  the  till  sheets. 

The  maximum  altitude  reached  by  the  Laurentian  glaciers  in  the  map-area 
was  4500  feet.  At  this  time  the  ice  was  2300  feet  thick  at  Medicine  Hat,  about 
1500  feet  thick  at  Foremost  and  /vAanyberrIes  and  about  1000  feet  thick  at  Aden.  In 
the  western  part  of  the  area  the  glaciers  moved  southward,  but  farther  east  they 
were  forced  to  flow  southeastwards  along  the  stretch  of  low  land  between  the  Cypress 
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Hills  and  the  Sweet  Grass  Hills,  which  both  stood  as  nunataks  at  the  time  of  the 
most  extensive  glaciation. 

The  Pleistocene  deposits  are  divided  into  the  following  stratigraphic  units, 
in  order  of  decreasing  age:  Saskatchewan  gravels  and  sands;  sediment  deposited  in 
proglacial  lakes  that  formed  along  preglacial  valleys  as  a  result  of  damming  down¬ 
stream  by  ice;  pre-Wild  Horse  drift,  including  the  Cypress  Hills  loess;  Wild  Horse 
drift;  Pakowki  drift  and  Manyberries  volcanic  ash;  Etzikom  drift  and  Oldman  drift. 
The  drift  sheets  are  morphostratigraphic  units;  all  were  deposited  at  the  time  of  a 
significant  glacial  advance,  A  radiocarbon  date  of  29,200  +  ^qqq  years  B.  P. 
(GX-0102)  on  the  upper  part  of  the  preglacial  Saskatchewan  gravels  and  sands, 
the  lack  of  severely  weathered  horizons  in  the  drift,  and  the  fresh-looking 
morainal  topography  suggest  that  all  these  drift  sheets  are  of  Wisconsin  age. 
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CHAPTER  I  -  INTRODUCTION 

Location 

The  Foremost-Cypress  Hills  area  is  situated  in  the  southeastern  corner  of 
the  province  of  Alberta.  It  covers  approximately  6,200  square  miles  and  is  bounded 
by  49th  and  50®  North  Latitude  and  110°  and  112°  West  Longitude  (Figure  1). 

The  province  of  Saskatchewan  lies  immediately  to  the  east,  the  United  States  of 
America  to  the  south. 


Objectives  of  Present  Study 

This  study  was  undertaken  to  determine  the  distribution,  thickness,  composi¬ 
tion  and  origin  of  the  Pleistocene  deposits  of  the  Foremost-Cypress  Hills  area;  to 
provide  maps  that  will  aid  future  development  of  economic  resources,  especially 
ground  water  and  constructional  materials;  and,  to  establish  the  Pleistocene  strati- 
graphical  succession.  Basically,  the  report  attempts  to  unravel  the  sequence  of 
geological  events  that  took  place  in  the  map-area  during  the  Pleistocene  Epoch. 

Method  of  Study 

Firstly,  aerial  photographs  (scale  approximately  one  and  a  half  inches  to 
one  mile)  were  examined  with  the  aid  of  a  stereoscope  to  classify  the  landforms  and 
to  deduce  the  lithological  composition  of  the  surficial  deposits.  The  boundaries  were 
then  plotted  on  planimetric  sheets  to  a  scale  of  one  inch  to  one  mile. 

This  interpretation  was  then  checked  in  the  field  and  boundaries  altered 
where  necessary.  Deposits  were  examined  along  road  cuts,  river  valleys,  and 
frequently  by  shallow  digging.  Sections  were  recorded  and  samples  collected  for 
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Figure  1.  Location  of  the  Foremost-Cypress  Hills  area,  Alberta 
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analysis  in  the  laboratory.  The  eastern  half  of  the  map-area  was  systematically 
covered:  north-south  traverses  were  one  mile  apart,  east-west  traverses  two  miles 
apart.  The  western  half  was  mapped  to  a  scale  of  one  inch  to  four  miles  with 
traverses  spaced  four  miles  apart.  Here,  each  land  form  unit  is  much  more  extensive 
and  maintains  its  essential  characteristics  over  long  distances. 

After  the  fieldwork,  which  extended  over  the  seasons  1961  to  1963 
inclusive,  the  aerial  photographs  were  studied  again  and  the  final  boundaries 
plotted.  The  surficial  geology  of  the  eastern  half  of  the  map-area  is  shown  on  six 
separate  planimetric  sheets  to  a  scale  of  one  inch  to  one  mile.  The  surficial  geology 
of  the  whole  area  is  presented  on  a  map  to  a  scale  of  one  inch  to  four  miles. 

Seismic  shot  hole  data  and  logs  of  water  wells  provided  valuable  subsurface 
information  that  was  used,  in  conjunction  with  field  observations,  to  compile  the 
maps  on  drift  thickness  and  bedrock  topography. 

Maps  and  Air  Photograph  Coverage 

Planimetric  sheets  numbered  72E  1-16,  to  a  scale  of  1 :63,360,  have  been 
compiled  by  the  Photographic  Survey  Corporation  Limited  from  air  photographs  taken 
in  1951  to  a  scale  of  1 :40,000. 

The  only  topographic  map  of  the  area  is  the  Foremost  Sheet  -  72E  National 
Topographic  System.  It  has  a  scale  of  1 :250,000  and  a  contour  interval  of  100  feet. 
This  map  was  produced  and  printed  by  the  Surveys  and  Mapping  Branch,  Department 
of  Mines  and  Technical  Surveys,  1958,  from  air  photographs  taken  in  1950. 

The  bedrock  geology  of  the  area  was  mapped  by  Russell  (1940)  and  his  work 
was  published  by  the  Geological  Survey  of  Canada.  There  are  two  maps;  the  Foremost 
Sheet  (map  566A)  and  the  Dunmore  Sheet  (map  567 A).  Both  have  a  scale  of  one  inch 
to  four  miles. 
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A  soils  map  of  the  Medicine  Hot  area  was  prepared  by  Wyatt  and  Newton 
(1926).  It  has  a  scale  of  one  inch  to  three  miles.  Later,  Wyatt,  et  al.  (1941) 
compiled  a  map  of  the  soils  of  the  Milk  River  area.  These  two  maps  provide  complete 
coverage  of  the  soils  of  the  map-area. 

Vertical  air  photographs,  with  a  scale  of  approximately  one  and  a  half 
inches  to  one  mile,  cover  the  whole  area. 

System  of  Land  Survey  -  Site  Reference  Method 

The  eastern  boundary  of  the  map-area  is  the  110°  Longitude.  In  the  land 
survey  system  of  western  Canada,  this  is  the  Fourth  Principal  Meridian.  AM  locations 
mentioned  in  this  report  are  west  of  this  meridian.  The  area  has  been  surveyed  into 
townships,  ranges  and  sections,  and  Figure  2  is  a  diagram  of  a  township  showing 
how  the  sections  are  numbered  and  subdivided  into  legal  subdivisions. 

Previous  Work 

Prior  to  the  present  study,  no  detailed  survey  of  the  Pleistocene  deposits 
of  the  Foremost-Cypress  Hills  area  had  been  carried  out.  In  the  course  of  mapping 
the  bedrock  geology,  however,  geologists  had  established  the  general  physiographical 
evolution  of  the  area,  outlined  some  of  the  prominent  morainal  tracts  and  glacial 
lake  basins,  and  described  surficial  deposits  exposed  along  the  major  river  valleys. 

The  first  geologist  to  visit  the  area  was  Sir  James  Hector  (Hector,  1861), 
the  physician  and  geologist  on  the  Palliser  Expedition  of  1857-1860.  He  noticed 
the  veneer  of  glacial  drift  present  throughout  the  Western  Prairies,  and,  like  most 
of  his  contemporaries,  believed  it  to  have  formed  by  the  melting  of  debris-clogged 
icebergs  in  a  glacial  sea.  Hector  visited  the  Cypress  ("Cypr^‘0  Hills  and  commented 
on  its  capping  of  “shingle"  to  which  he  assigned  a  Tertiary  age. 
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Figure  2,  Diagram  of  a  township  showing  the  nvtmbcring  of 
sections  and  the  subdivision  of  a  section  into 
16  legal  subdivisions 
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Dawson  (1875)  provided  the  first  geological  description  of  the  area,  for 
Hector's  work  dealt  mainly  with  what  is  now  central  Alberta.  Later,  Dawson 
revisited  southern  Alberta  for  the  Geological  Survey  of  Canada,  and  produced  the 
classic  "Report  on  the  Region  in  the  Vicinity  of  the  Bow  and  Belly  Rivers" 

(Dawson,  1885).  In  this  he  ably  describes  the  physiography,  the  extent  to  which 
glaciation  modified  the  preglacial  condition  of  the  country,  variation  in  drift 
thickness,  stratigraphy  of  the  "superficial"  deposits,  and  the  maximum  elevation  and 
provenance  of  glacial  erratics.  Although,  for  the  most  part,  concerned  with  features 
in  southwestern  Alberta,  his  comments  are  very  pertinent  to  the  present  map-area. 

Like  Hector,  Dawson  believed  that  all  glacial  deposits  originated  in  a  glacial  sea. 

He  envisaged  land  submergence  in  southern  Alberta  of  several  thousand  feet,  sub¬ 
sequent  incursion  of  a  glacial  sea  from  the  northeast,  and  then  its  expulsion  on 
emergence  of  the  land.  Holding  these  ideas,  he  found  difficulty  in  explaining  the 
great  coulees  which  traverse  southern  Alberta,  admitting  that  Warren  Upham's  theory 
of  continental  ice  sheets  and  channel  incision  marginal  to  them  was  better.  Neverthe¬ 
less,  Dawson  still  clung  to  his  inundation  concept. 

McConnell,  (1885),  Dawson's  former  assistant,  described  the  geology  of  the 
Cypress  Hills  -  Wood  Mountain  area.  He  presented  the  first  detailed  description  of 
the  Cypress  Hills  conglomerate,  noting  that  its  constituents  came  from  the  Rocky 
Mountains  to  the  west.  He  thought  the  conglomerate  to  be  of  Miocene  age  (then 
including  what  is  now  called  Oligocene)  on  the  basis  of  vertebrate  remains  found  in 
it,  and  said  it  was  deposited  "in  a  dilation  of  some  large  river  flowing  eastward  from 
the  Rocky  Mountains"  (ibid.,  p.  35c). 

McConnell  found  the  maximum  elevation  of  glacial  deposits  on  the  slopes 
of  the  Cypress  Hills  to  be  around  4400  feet  and  recognised  rocks  in  the  drift  that  had 
come  from  the  northeast.  In  addition,  he  recorded  the  Pleistocene  deposits  exposed 
along  the  South  Saskatchewan  River  and  identified  locations  of  some  preglacial  valleys. 
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His  views  on  the  genesis  of  glacial  deposits  resembled  those  of  Dawson. 

Dowling  (1917)  rejected  the  glacial  sea  theory.  In  his  report  "The  Southern 
Plains  of  Alberta",  he  explains  the  numerous  entrenched  channels  (Verdigris,  Etzikom, 
Chin,  etc.)  as  ice-marginal  valleys  that  formed  during  the  recession  of  the  "Glacial 
ice  sheet".  The  sequence  of  changes  in  the  drainage  pattern  of  the  area  is  broadly 
outlined  and  later  workers  have  concurred  with  Dowling  in  this  respect. 

Alden  (1924)  wrote  an  important  paper  entitled,  "Physiographic  Development 
of  the  Northern  Great  Plains,"  in  which  he  identified  Tertiary  and  Pleistocene 
erosional  surfaces.  The  type  locality  for  his  oldest  surface — the  Cypress  Plain  —  is  the 
Cypress  Hills,  Alberta.  This  work  was  amplified  in  1932. 

Allan  (1926)  discussed  the  relation  of  the  geology  to  the  soils  in  an  appendix 
to  the  report  on  the  soils  of  the  Medicine  Hat  Sheet  by  Wyatt  and  Newton.  He 
commented  on  the  preglacial  courses  of  the  Oldman,  Bow  and  South  Saskatchewan 
rivers,  the  origin  of  the  surficial  deposits  and  the  glacial  history.  He  wrote  a  similar 
report  for  inclusion  in  the  bulletin  on  the  soils  of  the  Milk  River  Sheet  (Wyatt,  et  al., 
1941). 

A  comprehensive  treatment  of  the  physiography  of  the  map-area  is  found  in 
publications  by  Williams  (1929)  and  Williams  and  Dyer  (1930).  Equivalents  of  Alden's 
erosional  surfaces  were  recognised,  glacial  landforms  described  and  post-glacial 
upl ift  postulated. 

Johnston  and  Wickenden  (1931)  delineated  the  moraines  and  glacial  lakes 
in  southern  Saskatchewan  and  southern  Alberta.  They  believed  the  former  became 
progressively  younger  to  the  northeast  and  their  map  shows  these  moraines  to  have  an 
approximate  northwest  to  southeast  strike. 

Later,  Wickenden  (1937)  observed  a  moraine  that  extended  northwest 
across  southwestern  Saskatchewan  to  the  northern  side  of  the  Cypress  Hills  in  Alberta, 
then  southwest  to  the  northern  end  of  Pakowki  Lake,  then  west  and  northwest  to 
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Lethbridge.  To  him  this  marked  the  limit  of  a  major  glacial  advance,  (It  is  most 
likely  that  this  moraine  is  the  Etzikom  End  Moraine  of  the  present  report). 

A  study  of  the  age  and  distribution  of  Albertan  end  moraines  was  undertaken 
by  Bretz  (1943).  During  50  days  of  fieldwork  he  mapped  all  the  moraines  occurring 
in  an  area  of  about  40,000  square  miles.  His  succession  of  meltwater  dischargeways 
and  associated  glacial  lakes  in  southeastern  Alberta  is  very  similar  to  that  of  Dowling 
(1917)  and  Williams  (1929). 

The  Pleistocene  deposits  of  southwestern  Alberta  have  been  studied  by 
Dawson  (1883,  1895a,  1895b),  Horberg  (1952,  1954)  and  Stalker  (map  41-1962,  1963a, 
1963b).  Parizek  (1961)  mapped  the  Willow  Bunch  Lake  area,  south-central 
Saskatchewan.  In  the  United  States,  Calhoun  (1906)  mapped  the  surficial  geology 
of  north-central  Montana  and  Howard  (1960)  northeastern  Montana.  A  map  of  glacial 
deposits  east  of  the  Rocky  Mountains  was  published  by  the  Geological  Society  of 
America  (1959). 
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CHAPTER  II  -  PHYSIOGRAPHY 

General  Setting 

The  Foremost-Cypress  Hills  area  is  an  undulating  to  rolling  plain  dissected 
by  steep-walled  valleys  and  framed  by  the  Cypress  Hills  to  the  east,  Milk  River  Ridge 
to  the  west,  and  the  foothills  of  the  Sweet  Grass  Hills  to  the  south.  It  forms  part  of 
the  third  prairie  step. 


Physiographic  Units 

The  area  may  be  conveniently  divided  into  six  physiographic  units:  Cypress 
Hills  Plateau,  upland  areas,  till  plain,  lacustrine  plains,  river  channels,  and 
canyons  (Figure  3). 

Cypress  Hills  Plateau 

The  dominating  physical  feature  of  the  Cypress  Hills  is  the  nearly  level 
plateau  which  slopes  gently  to  the  east  and  south  (Plate  1).  At  its  western  extremity 
or  "Head  of  the  Mountain",  the  plateau  reaches  a  maximum  elevation  of  4800  feet  and 
drops  to  less  than  4500  feet  at  the  Alberta-Saskatchewan  border,  some  15  miles  to  the 
east.  Its  elevation  and  surface  gradient  is  determined  by  the  Cypress  Hills  conglomerate. 
To  the  north  and  west  the  plateau  ends  abruptly  in  steep  escarpments,  formed  in  part 
by  ice-marginal  meltwater  flow;  whereas,  on  the  south,  it  gradually  merges  into  the 
plain.  The  northern  part  of  the  plateau  is  dissected  by  trough-shaped  valleys  ex¬ 
cavated  into  the  Cypress  Hills  conglomerate.  Most  of  these  valleys  were  formed  after 
the  incision  of  the  ice-marginal  channels  immediately  to  the  north,  when  the  local 
base  level  of  the  north-flowing  streams  was  significantly  lowered. 
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Upland  areas 

For  fhe  purpose  of  this  report,  an  upland  is  a  relatively  elevated  area 
possessing  considerably  greater  relief  than  the  adjacent  plains.  A  conspicuous  change 
in  slope  marks  the  junction  of  the  plains  and  upland  areas.  Usually,  this  occurs 
at  an  elevation  of  3000  to  3500  feet.  The  survival  of  these  upland  areas  is  largely 
due  to  their  interstream  position  (in  preglacial  times),  structural  elevation,  and 
resistance  to  erosion. 

The  well-dissected  Cypress  Hills  Upland  descends  northward  from  the 
plateau  to  about  3500  feet  above  sea  level.  Westward,  it  falls  to  about  3000  feet, 
just  west  of  Bulls  Head  Butte,  and  southward,  it  drops  to  approximately  3200  feet 
at  Bain,  by  the  Canadian  Pacific  Railway  line. 

The  Sweet  Grass  Hills  of  northern  Montana  lie  just  south  of  the  49th  Parallel, 
but  their  foothills  extend  northward  into  the  map-area,  occurring  south  of  the  Milk 
River,  between  ranges  9  to  13,  where  they  reach  a  maximum  height  of  4200  feet. 

The  Lucky  Strike  Upland,  whose  summit  is  3300  feet  above  sea  level,  is 
situated  north  of  the  Milk  River  and  south  of  Etzikom  Coulee. 

The  eastern  end  of  the  Milk  River  Ridge  extends  into  the  map-area  at  an 
elevation  of  3500  feet  and  is  located  to  the  southwest  of  Verdigris  Coulee. 

Till  plain 

Almost  three-quarters  of  the  area  is  a  till  plain  of  undulating  to  rolling 
relief.  Generally  speaking,  north  and  west  of  the  Cypress  Hills  the  regional  slope 
is  towards  the  northeast.  Thus  Coutts  is  3468  feet  above  sea  level.  Foremost  2915 
feet,  and  Seven  Persons  2480  feet  above  sea  level.  In  the  southeastern  part  of  the 
area  the  regional  slope  is  to  the  southeast. 

Lacustrine  plains 

There  are  three  lacustrine  plains  in  the  area:  all  are  of  Pleistocene  age, 
and,  except  for  Lake  Pakowki,  no  longer  contain  water.  The  largest  is  Lake 
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Pakowki,  just  over  2800  feet  above  sea  level.  Lake  Wild  Horse,  situated  in  the 
southeastern  corner,  is  approximately  at  the  same  elevation.  To  the  north.  Lake 
Medicine  Hat  is  less  than  2400  feet  above  sea  level. 


River  channels 

The  continuity  of  the  plains  surface  is  broken  by  a  system  of  deeply  en¬ 
trenched  coulees  that  are  often  more  than  a  mile  wide  and  100  feet  deep  (e.g.  Verdi¬ 
gris,  Etzikom,  and  Chin  coulees).  Most  of  them  are  dry  today  or  contain  misfit 
streams.  Similar  channels  surround  the  Cypress  Hills  (Plate  2). 


Canyons 


In  two  places,  the  above-mentioned  channels  become  so  entrenched  and 
steep-sided  that  the  term  "canyon"  is  more  appropriate.  The  Milk  River  Canyon 
extends  downstream  from  the  junction  of  Pakowki  Coulee  and  the  Milk  River  Valley. 
It  is  over  400  feet  deep  and  one  and  a  half  miles  wide,  and  is  cut  entirely  into 
bedrock.  The  South  Saskatchewan  River  occupies  a  canyon  more  than  300  feet  deep 
and  one  mile  wide.  It  likewise  is  cut  largely  into  bedrock  (Plate  3).  The  relative 
age  of  these  canyons  is  clearly  shown  on  the  topographic  map  (Foremost  Sheet). 

The  sides  of  Milk  River  Canyon  are  well  dissected,  especially  the  southern  side 
(Plate  4).  The  South  Saskatchewan  Canyon,  on  the  other  hand,  has  few  subsidiary 
gullies. 


Drainage 

Apart  from  the  internal  drainage  basin  centred  on  Lake  Pakowki,  two  great 
river  systems,  the  Missouri  and  South  Saskatchewan,  drain  the  region  (Figure  4). 
Milk  R  iver.  Lost  River,  Sage  Creek  and  Lodge  Creek  all  flow  into  Montana  to  join 
the  Missouri  River  by  which  their  water  is  eventually  conducted  to  the  Gulf  of 
Mexico.  To  the  northwest,  the  Oldman  and  Bow  rivers  join  to  form  the  South 
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Saskatchewan  River  into  which  drain  the  north-flowing  Seven  Persons,  Bullshead, 
and  Ross  creeks  (Foremost  Sheet).  The  South  Saskatchewan  River  unites  with  the 
North  Saskatchewan  below  Prince  Albert,  Saskatchewan,  and  their  combined  waters 
flow  into  the  Hudson  Bay  by  way  of  the  Nelson  River. 

Drainage  features  readily  show  that  the  area  was  glaciated.  To  mention  a 
few.  Medicine  Lodge  Coulee  and  Milk  River  Canyon  cut  across  a  preglacial  divide; 
the  entrenched  coulees  were  obviously  not  formed  by  the  present  streams  that  occupy 
them,  but  by  meltwater  run-off  from  ablating  ice  sheets;  some  channels  have  side-hill 
positions  (Seven  Persons  Coulee),  others  form  lobate  patterns  and  must  mark  retreatal 
stages  of  an  ice  lobe  (small  channels  west  of  Forty  Mile  Coulee). 

Missouri  Drainage  Basin 

The  northern  limit  of  the  Missouri  Drainage  Basin  extends  eastward  from  the 
southern  slopes  of  Milk  River  Ridge  to  a  position  south  of  Lake  Pakowki,  where  it 
turns  north  to  the  Cypress  Hills  and  then  east  again  along  the  Cypress  Hills  Plateau 
(Figure  4).  The  only  perennial  stream  of  this  basin,  in  the  map-area,  is  Milk  River. 
The  latter  enters  the  area  at  township  2,  range  15,  strongly  meandering,  incised 
into  the  Milk  River  sandstone,  and  flowing  (eastward)  along  the  axis  of  its  preglacial 
valley.  Verdigris  Coulee,  now  dry  and  some  50  feet  above  the  Milk  River,  enters 
the  Milk  River  Valley  from  the  northwest  at  township  2,  range  14.  Further  east, 
Deadhorse  Coulee  (Black  Coulee)  opens  into  the  Milk  River  Valley  at  both  ends  and 
represents  another  abandoned  channel.  At  township  2,  range  10,  the  Milk  River 
begins  to  leave  its  preglacial  valley,  flowing  east  to  Pakowki  Coulee  and  then 
southeast,  through  the  Milk  River  Canyon,  into  Montana.  All  streams  south  of  the 
Cypress  Hills  Plateau  contain  water  only  during  early  summer. 
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South  Saskatchewan  Drainage  Basin 

The  southern  margin  of  the  South  Saskatchewan  Drainage  Basin  extends 
from  Milk  River  Ridge  to  the  Cypress  Hills  (Figure  4).  The  major  rivers  are  the 
Oldman,  Bow,  and  South  Saskatchewan,  the  latter  flowing  out  of  the  area  in  a 
northeasterly  direction.  The  Chin — Forty  Mile — Seven  Persons  coulee  system  lies 
in  this  basin  but  presently  conducts  very  little  water.  Most  of  the  streams  flowing 
north  from  the  Cypress  Hills  occupy  preglacial  valleys,  but  some  follow  meltwater 
channels.  Thus,  Gros  Ventre  Creek  flows  in  a  preglacial  valley  from  the  northwestern 
corner  of  the  Cypress  Hills  to  Norton  where  it  makes  a  right  angle  turn  to  the  east 
to  flow  along  a  meltwater  channel  and  join  Ross  Creek  (Foremost  Sheet).  East  of 
Ross  Creek,  there  is  a  small  internal  drainage  basin,  Mackay  Creek  draining  into 
a  series  of  shallow  lakes  north  of  the  map-area. 

Lake  Pakowki  Internal  Drainage  Basin 

The  Lake  Pakowki  Internal  Drainage  Basin  is  sandwiched  between  the 
South  Saskatchewan  and  Missouri  basins  and  occupies  a  linear  belt  of  land,  longi¬ 
tudinally  bisected  by  Etzikom  Coulee.  Although  this  coulee  is  the  main  channel  of 
the  basin,  it  contains  only  a  small  stream  that  flows  into  the  now  almost  dry  Lake 
Pakowki. 

During  the  greater  part  of  Pleistocene  time  no  internal  drainage  existed  in 
the  map-area.  Meltwater  flowed  eastward  along  Etzikom  Coulee  debouched  into 
Lake  Pakowki  and  from  here  was  conducted  south  via  Pakowki  Coulee  to  the  Milk 
River.  With  the  cessation  of  meltwater  flow,  the  southern  part  of  Pakowki  Coulee 
became  plugged  by  Milk  River  alluvium  (Williams  and  Dyer,  1930),  reversing  the 
gradient  of  the  coulee.  This  fact,  coupled  with  thick  morainal  deposits  north  of 
Lake  Pakowki,  resulted  in  the  formation  of  the  internal  drainage  basin. 
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Climate,  Vegetation  and  Soils 

Southeastern  Alberta  has  a  semi-arid  climate  with  hot  summers  and  bright, 
cold  winters.  Although  a  considerable  distance  east  of  the  Rocky  Mountains,  the 
area  is  influenced  by  warm  chinook  winds  at  irregular  intervals  throughout  the  year. 
Southwesterly  winds  prevail  during  the  winter  months  but  are  less  frequent  in 
summer  (Kendrew  and  Currie,  1955). 

The  mean  annual  temperature  is  43°F.  From  November  to  AAarch  the  mean 
monthly  temperature  is  below  32°F.  and  during  the  summer  months  (May  to  September) 
it  exceeds  50°F.  In  winter  the  temperature  has  been  known  to  fall  to  -50°F.  whilst 
in  summer,  temperatures  of  over  105°F.  have  been  recorded. 

The  mean  annual  precipitation  is  13  inches.  Generally,  the  eastern  half 
of  the  area  receives  less  than  the  western,  and,  in  the  extreme  southeast,  the  annual 
precipitation  may  not  reach  10  inches.  The  upland  areas  attract  more  precipitation 
than  the  surrounding  prairie.  In  the  Cypress  Hills  the  mean  annual  total  often  exceeds 
1 8  inches. 

Except  for  the  Cypress  Hills,  the  area  is  covered  by  a  typical  prairie  flora 
of  grasses  and  sagebrush.  Trees  are  absent  on  the  prairie  but  sometimes  are  found 
along  the  coulees  associated  with  willow.  The  amount  of  precipitation  received  in 
the  Cypress  Hills  region  is  sufficient  to  support  tree  growth.  Forest  clothes  the 
northern  escarpment  and  many  of  the  coulees  are  heavily  wooded  at  the  eastern  end 
of  the  plateau.  Lodgepole  pine  forms  the  principal  tree  growth,  with  aspen  poplar, 
spruce,  and  black  poplar  occurring  as  local  dominants.  Grasses  and  low  shrubs 
predominate  on  the  plateau  but  there  are  a  few  wooded  areas  (Breitung,  1954). 

Three  soil  zones  are  recognised  in  the  Foremost-Cypress  Hills  area  (Wyatt, 
et  al.,  1941).  These  zonal  divisions  are  based  principally  on  the  colour  of  the  soil 
profile  which  has  developed  as  a  result  of  certain  soil  moisture  and  vegetation  con¬ 
ditions  acting  over  a  long  period  of  time. 
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The  brown  soil  zone  covers  about  three-quarters  of  the  map-area  and 
corresponds  to  the  bald  prairie  region.  These  soils  have  a  shallow  profile  and  the 
lime  horizon  is  found  about  12  inches  below  the  surface.  Dark-brown  soils  are  found 
on  the  slopes  of  the  Sweet  Grass  Hills  and  Cypress  Hills.  They  have  developed  under 
more  humid  conditions  and  the  depth  to  the  lime  horizon  averages  about  20  inches. 
Black  soils  occur  on  the  Cypress  Hills  Plateau  and  surrounding  slopes  down  to  an 
elevation  of  about  4000  feet.  The  lime  horizon  is  found  at  depths  of  24  to  30  inches 
below  the  surface.  Grey-wooded  or  podsolised  soils  are  found  under  heavy  tree 
growth  and  moist  soil  conditions.  Such  soils  exist  in  the  wooded  areas  of  the  Cypress 
Hills. 
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CHAPTER  III  -  PREGLACIAL  PHYSIOGRAPHY 


General  Statement 


Glaciation  only  slightly  modified  the  preglacial  physiography  of  the  upland 
areas  but  considerably  changed  that  of  the  lower  tracts.  Dawson  (1885,  pt.  C, 
p.  140)  fully  appreciated  this  fact  when  he  said: 

"The  preglacial  aspect  of  the  country  has  been  much  rougher  and  more 

diversified  than  that  which  it  at  present  presents .  The  glaciating 

agents  have  doubtless  planed  off  many  of  these  irregularities,  and  the  surface  has 

besides  been  deeply  buried  in  its  deposits .  These  have  been  laid 

down  in  greatest  thickness  in  the  pre-existing  hollows  and  low  tracts,  and  the  general 
effect  has  been  the  filling  up  of  the  asperities  and  the  production  of  wide  areas  of 
almost  perfectly  level  prairie.  That  this  has  been  the  case  has  been  evidenced  by 
the  fact  that  while  some  of  the  plateaux  and  ridges  are  but  scantily  covered  with 
drift,  the  thickness  shown  in  many  of  the  river  sections  is  over  200  feet." 

In  the  present  study,  examination  of  the  preglacial  landscape  was  done  by 
constructing  a  map  of  the  topography  of  the  bedrock  surface,  (Map  8),  and  another 
showing  the  areal  variation  in  the  thickness  of  drift  (Map  9).  In  the  western  half  of 
the  area,  most  of  the  control  was  provided  by  seismic  shot  hole  logs.  The  bedrock 
surface  contours  in  the  eastern  half,  however,  were  drawn  up  from  information  obtained 
from  field  observations,  a  few  water  well  and  seismic  shot  hole  logs,  and  the  Foremost 
Sheet  (72E  N.T.S.). 


Topography  of  the  Bedrock  Surface 

Land  forms 

The  bedrock  surface  topographic  map  shows  land  forms  that  were  formed  in 
glacial  as  well  as  preglacial  time.  The  glacial  features  are  quite  distinctive,  however, 
and  may  be  readily  recognised.  They  are  all  meltwater  channels  (for  only  the 
erosional  features  would  be  recorded  on  a  bedrock  surface  topographic  map).  Never 
more  than  two  miles  wide,  they  have  steep,  sometimes  vertical  walls  and  cut  across 


I  .  „  .  YHIASGOieYHS  JAOAJOaiiS  --  III  i  JI3I«IAHD  -ni-v.  i*l  t 

V  '  ' 

^  .  t  ./  'T  f-'A?'.'  .ii-%  '»t'- 

..: ^4 /,  I  ^  inemotot^  IoimisO  /• '  > 


bnolqu  9^1  lo  xriqo'^Boi^vHq  Io»ool89*»q  oHi  boi^Ibom  yItftgiU  x**^  noHooolO 

j<  ,  *■  '  „  !■  '  ‘  ‘  I  '  M);  '  •  I  «.■ 

.tq  ,S88f)  fKjtwoO  .ilooil  tawol  oHi  >o  torll  bagnorb  xWoiabiinoo  Ivjd  eoaio 

:biw  eH  nafKv  tDO^  zirh  baloiDSXjqD  yllui  (0^1  .q 

1  ■  ' 

9iom  bno  isHguo'.  riDom  osad  ^DH  yUnuo^  aril  \c  !Da<^o  loiDoIge^  9^ 

enitoiDolo  ariT  . .  r. . . . elnawiq  tneeaiq  to  ti  rioiriw  norit  bsitimvib 

2ori  ooD^ui  9ril  bno  .eaithDlue®’**?  «o  tdoob  avori  rtoago, 

biol  fM»9ri  dvori  awriT  . . irtizoqab  ili  M  bahud  ylqaab  noad  ^isad 

iDioneo  arit  bno  »elDDit  wot  bno  ^wollori  gniUlxa-aiQ  arH  nl  a«anNolrit  teelMig  nl  nvwb 
b  10910  abiw  b  noilnuboiq  aril  bno  iaili  ieqio  adt  >o  qu  Qolltn  aril  naad  lori  toetia 
yd  baonabWo  naod  2orl  eeoo  aril  naed  iori  ziril  loriT  .aiiiox)  lavaj  ynoaliaq  teomlo 
rillw  bsisvoo  ylitnoot  lud  910  eegoh  bno  xuostolq  arit  b  amoi  aliriw  iorit 

**  .199^  00£  lavo  2?  2noitD92  lavtt  aril  b  ynom  ni  nwori*  leanrioirit  aril  ^llnb 

,  ,*i  .  , 

yd  anob  20w  9qD32bnoi  toioDlgaiq  aril  b  noitonimoxe  ,ybu1i  trmax^  arit  ol 
larilono  boo  ,(8  qcM)  ,90dVtu2  >looibad  arit  yriqoigoqol  aril  qom  o  gnilouilinoD 
lo  llori  maleaw  arit  nl  :(9  qoM)  tlhb  lo  aeanj^otril  aril  ni  noitoiiov  loaio  aril  gniworit 
riooibad  aril  .egol  alori  toriz  oirtKiaz  yd  bablvoiq  2ow  loitnoo  arit  lo  tioifn  ^oaio  aril 
banioido  noitormolni  moil  qo  nwoib  aiai^/  ^lavawori  , llori  matioa  aril  ni  nuotnoo  sdoViu* 
l2om?iol  arit  bno  ,2gol  alcri  loric  oimtia*  bno  llsw  latow  wal  o  ^anoilovieedo  blail  moil 

.(.2.T.H  taeriZ 

i;  '  'r'  'vH' 


aoolluZ  riooibad  aril  lo  yriqoigoqoT  u,  - 


emiol  bnoJ 

-  i'  *’  ‘  .,1--  (',*1  -  ■■  '  •'.  i  ■  .pv 

fil  bamiol  aiaw  torit  emiol  bnot  2worit  qom  olriqoigoqot  aooHti«  ^Doibad  ariT 
^lavawori  ^evitonitclb  atiup  aio  saiutoal  ioioolg  aril  .amH  loiootgaiq  so  Haw  so  loioolg 
arit  yln^x)!)  slannorio  lalnwtlam  Mo  aio  yariT  .bazingooai  yliboai  ad  yom  bno 

.  1.  ^  r 

lavaW  .(qom  oiriqoigoqol  aoolio*  )looibad  o  no  bebiooai  ad  bluow  saiutoal  tonoleoia 

,*  -  V^' 

220130  1u3  bno  2II0W  looitiev  2ami1amo«  ^qaats  avori  yarit  ^abiw  talim  owl  norii  eiom 


19 


upland  areas,  often  breaching  preglacial  divides.  Thus,  the  preglacial  divide  from 
the  Cypress  Hills  to  the  Sweet  Grass  Hills  is  breached  by  no  less  than  four  meltwater 
channels  (Milk  River  Canyon,  Lost  River  Channel,  Sage  Creek  Channel,  and  Medicine 
Lodge  Channel).  Similarly,  the  preglacial  divide  extending  from  Lucky  Strike  to 
Winnifred,  is  cut  by  the  Etzikom,  Chin,  and  Forty  Mile  channels.  Some  of  the 
meltwater  channels  were  later  overrun  by  ice  and  completely  filled  with  till  (e.g. 
Granlea  Channel  township  8,  range  9). 

The  preglacial  valleys  are  usually  very  wide  and  have  gently  inclined 
slopes.  The  Ancestral  Milk  River  Valley,  for  example,  is  over  10  miles  wide  in 
places.  In  addition,  the  tributary  valleys  invariably  intersect  the  main  channels  at 
acute  angles.  The  most  conspicuous  feature  of  the  upland  areas  is  their  flat,  plateau¬ 
like  summits.  The  classic  example  of  this  is  the  Cypress  Hills  Plateau,  but  even  the 
intrusive  Sweet  Grass  Hills  has  a  flat  top  (Williams  and  Dyer,  1930,  p.  92).  Likewise, 
the  lower  interfluvial  areas  possess  broad,  approximately  horizontal  summits.  These 
surfaces  are  believed  to  represent  remnants  of  old  peneplains. 

Erosional  Surfaces 

The  significance  of  the  elevated,  commonly  gravel-capped  plateaux  in  the 
plains  of  western  Canada  was  appreciated  by  McConnell  as  long  ago  as  1885.  He 
realised  that  the  plateau  surface  of  the  Cypress  Hills  was  once  the  level  at  which  rivers 
were  flowing  and  that  uplift  and  subsequent  degradation  had  lowered  the  surrounding 
country  some  2000  feet.  Formed  in  Oligocene  time,  this  particular  surface  is  now 
4800  feet  above  sea  level  at  its  western  extremity  in  Alberta  and  3700  feet  as  its 
eastern  limit  in  Saskatchewan. 

Collier  and  Thom  (1917)  studied  the  physiography  of  northeastern  AAontana 
and  recognised  several  younger  erosional  surfaces.  The  oldest  of  these  is  now  repre¬ 
sented  by  isolated,  gravel -capped  plateaux,  some  3200  feet  above  sea  level  at  the 
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western  end  of  Boundary  Plateau  (about  109°  West  Longitude),  and  about  2600  feet 
near  the  town  of  Flaxville,  Montana  (about  105°  West  Longitude).  Collier  and  Thom 
designated  this  eroslonal  surface  the  Flaxville  Plain  and  considered  It  to  be  of  Miocene 
or  early  Pliocene  age  on  the  basis  of  vertebrate  remains  recovered  from  the  gravels. 

Below  the  Flaxville  level,  in  northeastern  Montana,  there  are  extensive 
areas  varying  In  elevation  from  2500  to  3000  feet  above  sea  level.  Around  Boundary 
Plateau  much  of  this  surface  is  highly  dissected.  A  horse  tooth,  found  In  sediments 
on  this  surface  (Collier  and  Thom,  1917,  p.  182)  Indicates  a  late  Pliocene  or  early 
Pleistocene  age. 

Th  e  wide  valley  bottoms,  100  to  500  feet  below  the  late  Pliocene  or  early 
Pleistocene  level,  represent  the  youngest  eroslonal  surface  which  Is  believed  by 
Collier  and  Thom  to  be  of  late  Pleistocene  age. 

Alden  (1924,  1932)  agreed  with  the  eroslonal  levels  of  Collier  and  Thom 
and  recognised  respective  equivalents  over  much  of  the  northern  Great  Plains  of  the 
United  States.  Alden's  sequence  of  levels  Is  given  below. 


Cypress  Plain  (No.  0  Bench) 
Flaxville  Plain  (No.  1  Bench) 
No.  2  Bench  (or.  Terrace) 
No.  3  Bench  (or.  Terrace) 


OI  Igocene 

Miocene  to  early  Pliocene 
Early  PI  eistocene 
Middle  Pleistocene 


In  northeastern  Montana  the  Flaxville  Plain  Is  700  to  1000  feet  lower  than 
the  eastern  part  of  the  Cypress  Plain  and  Alden  states  that  this  difference  Increases 
to  1500  feet  or  more  at  the  mountain  fronts  to  the  west.  The  vertical  distance  between 
the  Flaxville  Plain  and  the  No.  2  Bench,  east  of  109°  West  Longitude,  Is  generally 
500  to  600  feet,  but  Is  only  100  to  300  feet  near  the  Rocky  Mountains.  No.  3  Bench 
Is  about  100  to  500  feet  below  No.  2  Bench  and  represents  the  broad  valley  bottoms 
of  the  streams  that  cut  Into  the  No.  2  Bench.  The  Saskatchewan  gravels  and  sands 
were  deposited  on  the  No.  3  Bench  (Alden,  1924,  p.  414). 


OOdS  toodc  bno  .{»bui:ef.cJ  1«»W  »<?0I  tuodo)  go9ioI<)  y^bnoofl  1o  bne  ni,«.w 
mcfr  bfio  lailtoD  .(sbuMei^  UaW  “eOl  luodo)  onolnoM  ..IlivxoR  Jo  nwot  9fH  io«o 
-.nasoiM  }e  sd  ol  t!  baisblsnop  boo  nfoR  sIlivxoR  adl  wobui  'onoiioie  e!dl  ^lonoU^b 
.lisviie  'sdl  flwiVbsiavoPtii  j..iom9i  sioidslisv  to  lijod  srH  <to  sqp  arwaoilS  xI’oo  to 

dvienslxa  eiD  ^onotnoM  malzooriivbn  ni  Jsv©!’ sMIvxdR woM 

**1 

yiobf.i>a  onoo.A  .leval  oai  lvcKlD  leal  OftoC  ol  OMS  moil  rroitovele  n!  e?.!'f.oy  «oeio 
^♦n9mib9^  n!  bnuol  ',dtoo<  sJTO'd  A  %9lpe«ib  yReid  «  **'•*  ^  uoololS 

ylTO9  TO  orwooiR  9»ol  o  J9<03ibn!  (SSI  .q  ,^191  ,n»dT  bno  loMloD)  eooliut  •idi  no 


ylTO9  TO  aneDoiH  elol  edl  wolod  (eel  OOS  ol  001  .amollod  yellov  oblv.  j.dT 

yd  bavailed  ct  rIpMw  epoltua  Ionoiaoi9  U9^mjOH  eril  toaaaiqeT  ,i9Vol  sneooliloW 

.©go  ©nsoot?**!*^  d^ol  ©d  d-  mofTT  bno  loilloD 

morTT  bno  lailloD  >o  elov©!  Idho'jot©  ©Ht  dllw  bes'igo  (S£9f  »^S9r)  n©blA 
©dt  2niol^  tos'iO  nierltioo  ©Hi  fiaum  i©vo  alnsloviv^'*©  ©vi1o©q29T  b9€ineo09T  bno 

.woldd  nsv'B  2»  ?l©vsl  ©Dns'jp©^  **n9blA  .{©tot^  bsiinU 


addnopl  iO 
©ndDoIl^  yliDs  ot  ©noooiM 
©nsootzlsl^  >(Iid3 
©nocoieidlS  ©IbbiM 


(rtDnofi  0  .oH)  niol^  waiqx^ 
(doneS  I  .oH)  niol^  ©MivKoH 
(93D11©T  ^lo)  fiDndfi  S  .oM 
(©odtisT  ^io)  don©8  Z  .oH 


nont  -lawol  t©©^  OCOf  ol  00^  niotS  ©HivxoR  ©Hi  onotnoM  ni©i*o©Hlion  rH 

2©20©'i3ni  33n©i©ll^?b  jiHl  tpHt  ^©lolc  nsblA  bro  moR  22©xix^  ^Ht  }o  liop  <n©^f06  ©Ht 

n*©wt9d  ©onoi2ib  lodiidv  sHT  .Uaw  ©rif  oi  etnoH  nioinuom  ©dt  lo  siom  lo  t©©^  CX)iI  ol 
zi  .©bdignoJ  iz©W  ®90r  lo  leo©  ,Hon^  S  .okt  ©Hi  brio  nioR  ©HWxoR  ©Hi 
Honsfl  8  .oH  iZntoinooM  yHaoS  ©Hi  losn  Isol  OOC  oi  00  f  *’  qio©!  006  ot  006 
zmoitod  x^^Jdv  booid  ©Hi  zinsSdiqdi  bno  Honefl  S  .okl  wol©d  1©®!  006  ol  OOf  1uodo  zi 

d 

:bnoz  cmo  zlavo^e  now©HDloHzo8  ©HT  .fbnsfi  £  .oM  ©Hi  oini  too  iorH  emooViz  ©Ht.lo 

.q  ^n©blA)'rbn©6  8  .oH  ©Hi  no  bdtlzoq©b  ©i©w 


22 


Apart  from  the  Cypress  Plain  (type  section  lies  within  map-area),  can  any 
of  the  other  erosional  surfaces  mentioned  above  be  recognised  in  southeastern  Alberta? 

The  Saskatchewan  gravels  and  sands  floor  the  Ancestral  Oldman  and  Milk 
River  valleys.  Thus,  these  valley  bottoms  correlate  with  the  No.  3  Bench  of  Alden 
and  were  certainly  formed  before  the  area  was  invaded  by  Laurentian  ice  (Figure  6). 

The  divide  between  the  Ancestral  Oldman  and  Milk  River  drainage  reaches 
3200  feet  above  sea  level  at  Lucky  Strike  in  the  south  and  about  2800  feet  near 
Winnifred,  to  the  north.  This  level  most  probably  correlates  with  Alden's  No.  2 
Bench.  The  broad,  flat-topped  upland,  southeast  of  Lake  Pakowki,  between 
Craigower  and  Pinhorn,  reaches  3400  feet  above  sea  level  but  is  mainly  around 
3200  feet  in  elevation.  This,  likewise,  is  most  probably  a  remnant  of  the  No.  2  Bench. 
Collier  and  Thom  (1917)  show  all  the  terrain  surrounding  the  Cypress  Hills,  east  of 
Range  4  and  south  to  the  49th  Parallel,  as  part  of  their  Pliocene  or  early  Pleistocene 
terrace  (that  is,  the  No.  2  Bench  of  Alden). 

An  elevation  of  about  3500  feet  is  indicated  for  the  Flaxville  Plain  in  the 
map-area  if  the  surface  gradient  of  this  plain  in  northeastern  Montana  is  projected 
due  west  along  the  49th  Parallel.  This  surface  would  naturally  rise  towards  the 
Cypress  Plain.  Williams  and  Dyer  (1930,  p.  94)  show  the  Flaxville  Plain  to  be  about 
4000  feet  in  elevation  immediately  away  from  the  Cypress  Hills  Plateau.  The  uplands 
around  the  Cypress  Hills,  however,  are  deeply  dissected,  and,  if  any  remnants  of  the 
Flaxville  surface  remain  they  must  be  confined  to  small  mesas  and  buttes  (Figure  6). 

Preglacial  Drainage 

Two  major  rivers,  the  Ancestral  Oldman  River  and  the  Ancestral  Milk  River, 
flowed  across  the  map-area  in  preglacial  time.  The  former  flowed  in  a  northeasterly 
direction  across  the  northwestern  corner  of  the  map-area,  and  received  substantial- 
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Figure  6.  Topographic  section  showing  erosional  surfaces  in  the  Forcmost-'Cypress  Hills  area,  Alberta* 
Correlation  with  Alden’s  erosional  surfaces  is  indicated. 
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sized  tributaries  from  the  south.  Skiff  and  Foremost  rivers  were  the  largest  of  these: 
they  joined  each  other  just  south  of  the  present  site  of  Bow  Island,  and  their  combined 
waters  flowed  north  to  meet  the  Ancestral  Oldman  River  just  outside  the  map-area 
(Figure  7). 

The  divide  separating  the  Ancestral  Oldman  River  drainage  from  the 
Ancestral  Milk  River  drainage  extended  from  Winnifred  in  the  north  to  Lucky  Strike 
in  the  south,  where  it  turned  west  to  run  along  the  crest  of  the  Milk  River  Ridge. 

At  Masinasin,  this  divide  was  breached  by  headward  erosion  of  the  Skiff  River,  which 
may  well  have  captured  the  waters  of  the  Ancestral  Milk  River. 

The  Ancestral  Milk  River  entered  the  map-area  at  essentially  the  same  place 
as  the  present  Milk  River.  It  flowed  eastwards  between  the  Sweet  Grass  Hills  Upland 
and  the  Lucky  Strike  Upland  and  gradually  turned  to  the  northeast  to  flow  across  the 
area  now  occupied  by  Pakowki  Lake.  From  here,  the  Ancestral  Milk  River  flowed 
north  to  Murray  Lake  where  it  turned  to  the  northeast  to  flow  across  the  present  site 
of  Medicine  Hat.  Tributaries  of  the  Ancestral  Milk  River  drained  the  northern  and 
western  slopes  of  the  Cypress  Hills  as  well  as  the  eastern  slopes  of  the  Winnifred-Lucky 
Strike  Divide. 

The  southeastern  part  of  the  map-area  was  drained  by  streams  flowing  to  the 
southeast,  and  the  divide  that  separated  this  drainage  from  that  of  the  Ancestral 
Milk  R  iver  ran  from  the  Sweet  Grass  Hills  to  the  Cypress  Hills. 

Figure  7  shows  the  relationship  of  the  preglacial  rivers  of  the  Foremost- 
Cypress  Hills  area  to  those  of  central  and  southern  Alberta.  The  Ancestral  Oldman 
River  joined  the  Ancestral  Milk  River  some  distance  north  of  Medicine  Hat,  and  the 
single  river  so  formed  then  flowed  into  the  Bow  Channel.  This  channel  then  conducted 
the  waters  northeastwards  across  the  province  of  Saskatchewan.  The  southeasterly 
flowing  streams  entered  Montana  and  joined  the  Ancestral  Missouri  River  which  flowed 
eastward  across  northern  Montana  and  then  turned  south  in  North  Dakota  to  join  the 
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Figure  ?•  Bedrock  channels  of  central  and  southern  Alberta 
Sources  of  information: 

Central  Alberta;  Stalker  (I960)*  Farvoldcn  (1963). 
Southwestern  Alberta;  Geiger  (written  communication,  1964) 
Southeastern  Alberta;  present  report 
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Mississippi  River.  These  waters  eventually  flowed  into  the  Gulf  of  Mexico.  Earlier 
the  Ancestral  Missouri  River  flowed  northeastwards,  across  the  northwestern  corner 
of  North  Dakota,  into  Canada.  Whilst  flowing  on  the  No,  2  Bench  level  (Alden, 
1924),  however,  its  course  was  diverted  to  the  south  by  the  Kansan  Laurentian  ice 
sheet  (Alden,  1924,  1932;  Howard,  1960). 

The  preglacial  landscape,  therefore,  was  one  of  large  rivers  flowing  in 
broad,  mature  valleys  and  draining  mainly  to  the  north  and  northeast.  Except  for 
the  Cypress  Hills  Plateau,  the  interfluvial  areas  were  considerably  dissected.  The 
present  youthful  aspect  of  rivers,  the  south-flowing  Milk  River,  the  buried  valleys 
and  many  of  the  badland  areas  are  all  products  (directly  or  indirectly)  of  glaciation. 
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CHAPTER  IV  -  BEDROCK  GEOLOGY 

Introduction 

Several  surveys  of  the  bedrock  geology  of  the  Foremost-Cypress  Hills  area 
have  been  carried  out,  Dawson  (1885)  and  McConnell  (1885)  did  the  pioneer  work. 
Later,  Dowling  (1917),  Williams  and  Dyer  (1930),  and  Russell  and  Landes  (1940) 
worked  out  and  described  in  detail  the  stratigraphical  succession  and  structure.  The 
bedrock  geology  of  the  Cypress  Hills  area  in  Saskatchewan  has  been  studied  by  Fraser, 
^t  £[,  (1935),  Russell  (1948),  Furnival  (1950),  and  Kupsch  (1956a), 

The  map  of  the  bedrock  geology  included  in  this  report  is  essentially  that 
of  Russell  (1940)  with  minor  alterations  and  additions.  These  include  modification 
of  the  boundary  between  the  Oldman  and  Foremost  formations  near  Granlea  (township 
8,  range  9)  as  a  result  of  the  discovery  of  a  buried  channel  (see  topography  of  the 
bedrock  surface);  reinterpretation  of  the  deformation  localised  around  Bullshead 
Creek  (northwest  of  the  Cypress  Hills);  addition  of  small  outliers  of  Cypress  Hills 
formation  north  of  Battle  Creek  and  structural  data  obtained  from  Mr,  L,  Lindoe 
(Medicine  Hat  Brick  and  Tile  Company),  later  publications,  and  aerial  photographs, 

A  review  of  the  local  bedrock  geology  is  very  relevant  to  the  study  of  the 
surficial  geology,  if  only  for  the  following  reasons: 

(1)  most  of  the  mass  of  glacial  drift,  in  the  Western  Plains  of  Canada,  is 
local  bedrock  material  (Bayrock,  1962;  this  report); 

(2)  knowledge  of  the  distribution  of  rock-types  in  the  bedrock  is  a  necessary 
prerequisite  for  the  recognition  of  indicators,  which  are  valuable  tools 
in  determining  ice-movement  directions; 

(3)  surficial  materials  may  resemble  bedrock  materials;  and, 

(4)  enquiry  into  the  genesis  of  some  land  forms  and  drainage  patterns  demands 
a  knowledge  of  the  geological  structure. 
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Stratigraphy 

Apart  from  the  Tertiary  conglomerate  and  sandstone  that  caps  the  Cypress 
Hills,  Upper  Cretaceous  rocks  -  a  succession  of  sandstone  and  shale  units  with  minor 
bentonite  -  cover  the  entire  surface  of  the  map-area, 

Alberta  formation 

The  Alberta  formation  underlies  the  whole  map-area,  but  is  seen  at  the 
surface  only  in  two  places;  the  north  flank  of  the  West  Butte  of  the  Sweet  Grass 
Hills,  in  township  1,  range  12,  and  northwest  of  the  Cypress  Hills,  in  NW  1/4  of 
section  32,  township  8,  range  4.  The  last  locality  was  discovered  by  Mr.  L,  Lindoe 
(Medicine  Hat  Brick  and  Tile)  in  1962  and  confirmed  by  Dr.  J.  Wall  (Research  Council 
of  Alberta).  This  formation  is  composed  of  dark-grey,  marine  shale  with  minor  sand¬ 
stone  beds,  and  is  approximately  1700  feet  thick. 

Milk  River  formation 

Outcrops  of  this  formation  are  restricted  to  the  southwestern  corner  of  the 
map-area,  the  beds  being  best  exposed  along  Milk  River  and  Verdigris  Coulee.  The 
lower  part  of  the  Milk  River  formation  consists  of  about  100  feet  of  light-coloured, 
massive  sandstone  underlain  by  50  or  more  feet  of  beds  transitional  to  the  Alberta 
shale.  The  upper  part  was  deposited  in  freshwater,  is  130  feet  or  less  in  thickness 
and  consists  of  sombre,  grey  shale  and  buff  sandstone,  with  thin  lignite  and  ironstone 
beds. 

Pakowki  formation 

The  Pakowki  formation  is  exposed  west  and  south  of  Lake  Pakowki.  It  is 
of  marine  origin  and  consists  of  dark  grey  shale,  with  occasional  thin  beds  of 
sandstone,  siltstone,  and  bentonite.  The  lower  contact  is  commonly  marked  by  thin 
beds  of  grey  to  black  chert  pebbles  and  the  upper  contact  with  the  overlying 
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Figure  8,  Stratigraphic  column  of  the  Forcmoat-Cypresa  Hills  area,  Alberta 
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Foremost  beds  is  transitional.  The  thickness  of  the  Pakowki  formation  increases  from 
west  to  east,  being  about  500  feet  in  the  southeast. 

Foremost  formation 

The  Foremost  formation  is  exposed  over  the  greater  part  of  the  western 
half  of  the  map-area:  to  the  east  it  is  seen  along  the  Milk  River  Canyon  and  South 
Saskatchewan  River,  It  contains  much  shale,  but  is  predominantly  arenaceous. 

The  Foremost  beds  are  a  mixture  of  brackish  water  and  freshwater  deposits,  and 
consist  of  shaly  silts,  sandstones,  coal  seams,  ironstone  concretions  and  silicified 
oyster  shell  beds.  The  thickness  is  about  370  feet  in  the  north,  nearly  500  feet  in 
the  central  district,  and  about  270  feet  in  the  southeast, 

Oldman  formation 

Good  exposures  of  Oldman  continental  beds  occur  up  Lost  River  Valley 
from  the  International  Boundary,  and  in  the  badlands  east  of  Manyberries,  west  of 
Bulls  Head  Butte,  and  south  and  east  of  Irvine  (Township  11,  ranges  2  and  3),  The 
formation  is  exposed  mainly  in  the  eastern  half  of  the  map-area,  but  outliers  do  occur 
as  far  west  as  township  11,  range  12.  The  typical  rocks  are  light-coloured, 
argillaceous  sandstone,  interbedded  with  green,  sandy  shales.  Coal  seams  occur 
in  the  upper  part  of  the  formation.  The  coarser  beds  commonly  show  crossbedding 
and  are  lenticular.  The  thickness  of  the  formation  in  borings  near  Eagle  Butte  is 
480  feet. 

Bearpaw  formation 

The  Bearpaw  formation  borders  the  Cypress  Hills  on  the  south,  west  and 
north.  Extensive  outcrops  occur  southeast  and  east  of  Manyberries,  on  the  west  side 
of  Bulls  Head  Butte,  along  Ross  Creek  south  of  Irvine,  and  also  in  Gros  Ventre  Creek, 
The  formation  consists  mainly  of  dark  grey,  greenish  grey,  and  chocolate  brown. 
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fissile,  marine  shales  with  occasional  sandy  beds.  Spheroidal  ironstone  concretions 
and  bentonites  are  common.  The  thickness  exceeds  630  feet  near  Manyberries  and 
is  about  830  feet  in  borings  near  Eagle  Butte. 

Eastend  formation 

This  formation  is  confined  to  the  Cypress  Hills  area,  where  it  occupies  a 
belt  at  the  foot  of  the  main  escarpment.  It  is  made  up  of  massive,  medium-grained 
sandstones,  dark  shales  (in  part  marine),  and  carbonaceous  beds  and  is  about  400  feet 
thick. 

Whitemud  formation 

Outcrops  of  the  Whitemud  formation  are  few,  occurring  mainly  to  the  west 
of  the  Cypress  Hills,  around  Eagle  Butte  and  Fly  Lake.  Some  exposures  exist  at 
Graburn  Gap  to  the  east.  The  uppermost  beds  of  the  Eastend  formation  in  most  places 
pass  transitionally  into  the  overlying  Whitemud  formation,  which  consists  of  sandstones, 
white  clay,  and  kaolinised  sandstones  interbedded  with  carbonaceous  shale  and 
lignite.  In  Saskatchewan  the  Whitemud  formation  is  about  50  feet  thick,  but  is  thinner 
in  Alberta. 

Battle  formation 

The  distribution  of  the  Battle  formation  corresponds  closely  to  that  of  the 
Whitemud  formation.  In  many  places  both  formations  have  been  partly  or  entirely 
removed  by  erosion  prior  to  the  deposition  of  the  Frenchman  beds.  Lithologically, 
the  Battle  formation  consists  almost  exclusively  of  dark,  purplish  grey,  bentonitic 
shale  and  tuff.  The  thickness  is  variable,  but  approaches  30  feet  in  places. 

Frenchman  formation 

Apart  from  a  few  isolated  outliers  near  Eagle  Butte  and  Fly  Lake,  the  French¬ 
man  beds,  in  the  map-area,  are  confined  to  the  Cypress  Hills,  where  they  underlie  the 
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upper  part  of  the  hills.  This  formation  consists  essentially  of  thick,  massive  or 
coarsely  crossbedded,  medium-grained  sandstone  with  rare  coaly  beds,  and  is  over 
100  feet  thick. 

Ravenscrag  formation 

The  Ravenscrag  formation  is  exposed  along  the  escarpment  of  the  Cypress 
Hills.  It  is  a  completely  non-marine  sequence,  composed  of  thinly  bedded,  fine¬ 
grained  sands,  silts,  and  shales  with  numerous  coal  beds  and  lignitic  laminae.  The 
upper  limit  of  the  formation  is  an  erosional  surface,  so  thicknesses  are  variable,  but 
exceed  100  feet  in  the  map-area. 

Cypress  Hills  formation 

This  formation  underlies  all  of  the  summit  region  of  the  Cypress  Hills.  As 
developed  in  Alberta,  it  is  composed  almost  exclusively  of  conglomerate  with  very 
minor  lenses  of  sand  and  thin  bentonite  beds.  The  pebbles  and  boulders  are  mainly 
of  quartzite,  argillite,  and  chert,  but  volcanic  porphyry  and  granite  do  occur.  At 
the  western  end  of  the  Cypress  Hills,  the  conglomerate  is  25  feet  thick,  and  increases 
to  over  50  feet  at  the  Alberta-Saskatchewan  border. 

Structure 

The  southern  Alberta  plains  are  situated  on  a  broad,  northerly-plunging 
anticline  known  as  the  Sweet  Grass  arch.  The  Foremost-Cypress  Hills  area  lies 
east  of  this  arch,  so  the  dominant  dip  direction  of  the  beds  is  to  the  east  and 
northeast.  Many  subsidiary  folds  are  associated  with  the  Sweet  Grass  arch  and 
these  are  described  in  detail  by  Russell  (1940,  pp.  102-124).  Nose-  and  dome-like 
structures  are  developed  around  the  igneous  intrusions  of  the  Sweet  Grass  Hills. 

Several  points  of  interest  concerning  the  bedrock  structure  arose  while 
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studying  the  surficial  geology.  These  ore  listed  below;  the  first  two  being  brought  to 
the  writer's  attention  by  Mr.  L.  Lindoe. 

(1)  Northwest  of  the  Cypress  Hills,  in  the  Bulls  Head  Creek  district  (townships  8 
and  9,  ranges  4  and  5),  the  bedrock  Is  highly  disturbed.  Russell  (1940,  p,  124) 
attributed  this  deformation  to  large-scale  slumping,  but  the  discovery  of  the  Alberta 
shale  at  the  surface  in  NW  1/4  of  section  32,  township  8,  range  4  (a  vertical 
displacement  of  over  3000  feet),  discredits  this  hypothesis.  A  pronounced  gravity 
anomaly  exists  In  this  area  and  suggests  that  the  structural  elevation  of  the  Alberta, 

Milk  River,  and  PakowkI(?)  formations  is  due  to  the  emplacement  of  an  igneous  body 
at  depth,  probably  synchronous  with  the  Sweet  Grass  intrusions  in  northern  Montana. 

(2)  Along  the  southern  slope  of  the  Cypress  Hills  the  uppermost  50  feet  of  strata 
have  been  deformed  by  movement,  under  gravity,  on  underlying  clay  beds.  The 
low-angle  gravity  sliding  is  also  probably  responsible  for  the  large  fissures  and  small 
tensional  faults  In  the  Whitemud  beds  exposed  in  the  clay  pit  at  Fly  Lake  (SW  1/4  of 
section  20,  township  8,  range  3). 

(3)  The  nature  and  orientation  of  some  surficial  lineaments  in  the  map-area  cannot 
be  explained  by  glaciation.  These  non-glacial  lineaments  show  up  on  aerial  photo¬ 
graphs  as  thin,  dark  lines.  They  may  be  several  miles  long,  intersecting,  or  sub¬ 
parallel  (Figure  8).  It  is  believed  that  these  lineaments  represent  fault  or  joint 

traces  that  have  been  reflected  through  the  unconsolidated  glacial  drift  (Kupsch,  1956b; 
Kupsch  and  Wild,  1958;  Mollard,  1957,  1958;  Haites,  1960;  Barton,  1962).  This 
reflection  occurred  when  adjustment  took  place  along  the  faults  (Kupsch  and  Wild, 
1958),  possibly  due  to  differential  isostatic  rebound  (Barton,  1962). 

Some  lineaments,  however,  are  much  more  conspicuous  and  have  obviously 


been  formed  over  large  faults  In  the  bedrock.  An  example  is  seen  In  township  11, 
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Fl<»ure  9*  Structural  lineanicnts  showlnj»  throuf,h  glacial  drift, 
north  of  Seven  Persons 
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range  15,  where  the  fault  trace  Is  marked  by  a  trough,  some  200  yards  wide 
(Plate  5).  The  course  of  the  South  Saskatchewan  River  is  controlled  in  part  by 
this  fault. 
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CHAPTER  V  -  GEOMORPHOLOGY 

Introduction 

Preglacial  land  forms  have  already  been  discussed.  This  section  deals 
with  those  features  formed  since  the  first  incursion  of  Laurentian  ice  into  the  map-area. 
For  the  purpose  of  this  discussion,  these  land  forms  are  classified  into  three  major 
groups. 

(1)  Glacial  land  forms  include  those  features  formed  inside  the  margin  of 
the  ice  sheet. 

(2)  Proglacial  land  forms  include  those  features  formed  along  the  edge  and 
outside,  or  away  from,  the  ice  margin. 

(3)  Postglacial  land  forms  include  those  features  formed  after  the  complete 
disappearance  of  the  last  ice  sheet. 

The  terminology  of  glacial  land  forms  at  present  is  not  clearly  defined.  In 
this  report,  the  writer  has  taken  the  nomenclature  proposed  by  Gravenor  and  Kupsch 
(1959)  as  his  main  guide,  and  the  terms  used  by  other  workers  are  given  at  the 
appropriate  place. 

Where  an  alignment  of  glacial  land  forms  exists,  the  line  passing  through 
these  land  forms,  showing  the  orientation  and  lateral  extent  of  their  alignment,  is 
known  as  a  "glacial  lineament".  Most  of  these  lineaments  are  not  observable  at 
ground  level,  but  can  readily  be  seen  on  aerial  photographs  (Plate  10).  A  study  of 
their  trends  has  proved  very  helpful  in  determining  the  directions  of  ice  movement 
and  in  elucidating  the  glacial  history  (Map  1). 
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Glacial  Land  Forms 


Ground  Moraine 

Gently  undulating  to  undulating  ground  moraine  covers  about  1250  square 
miles,  or  20  per  cent,  of  the  map-area,  and  occurs  mainly  in  the  northern  half  of 
the  area  (Map  1),  It  has  a  constructional  topographic  expression  with  a  local 
relief  seldom  exceeding  10  feet.  Numerous  undrained  depressions  are  characteristic 
(Plate  6). 

Flint  (1957,  p,  131)  defined  ground  moraine  as  that  moraine  having  low 
relief  devoid  of  transverse  linear  elements.  As  pointed  out  by  Gravenor  and  Ellwood 
(1957,  pp.  7-8),  this  definition  does  not  hold  true  for  much  of  the  ground  moraine 
in  western  Canada.  Here  transverse  elements  -  small  till  ridges  and  aligned  knobs  - 
do  occur  in  morainal  areas  of  low  relief,  especially  where  the  latter  grades  into 
hummocky  disintegration  moraine  (Plate  7). 

The  glacial  drift  varies  in  thickness  from  5  to  over  100  feet  in  areas  where 
ground  moraine  is  developed.  It  consists  predominantly  of  clayey  till,  the  greater 
part  of  which  is  made  up  of  local  bedrock  (see  Chapter  VI).  Till  is  a  nonsorted, 
nonstratif ied  sediment  deposited  by  a  glacier.  The  upper  part  of  the  drift  in  areas 
of  ground  moraine  commonly  contains  irregular  lenses  and  pockets  of  sand  and  gravel, 
and,  on  the  surface,  small  patches  of  lacustrine  sand,  silt  and  clay  are  occasionally 
present. 

The  undulatory  surface  and  compact  nature  of  the  till  suggest  that  ground 
moraine  was  largely  formed  at  the  base  of  a  moving  glacier.  Till  deposited  in  this 
way  -  from  drift  in  transport  in  the  base  of  a  glacier  -  is  called  lodgment  till  (Flint, 
1957,  p.  120).  A  thin  blanket  of  ablation  till,  however,  invariably  overlies  the 
lodgment  or  basal  till  but  does  not  obscure  the  undulating  character  of  the  ground 
moraine.  Ablation  till  consists  of  debris  that  was  transported  within  or  upon  the  ice 
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and  was  deposited  on  the  ground  surface  as  the  enclosing  ice  melted  (Flint,  op.  cit,). 
Inclusions  of  stratified  drift  are  not  uncommon  in  ablation  till  and  show  that  meltwater 
transported  some  of  the  drift  for  short  distances  during  the  settling  process. 

Hummocky  Disintegration  AAoraine 

Hummocky  disintegration  moraine  covers  about  670  square  miles  of  the 
map-area  and  occurs  mainly  in  the  upland  areas;  that  is,  around  the  Cypress  Hills, 
the  foothills  of  the  Sweet  Grass  Hills,  and  on  the  northern  part  of  the  preglacial 
Winnifred  Divide  (Map  1). 

This  morainal  land  form  is  characterised  by  an  irregular  "knob-and-kettle" 
topography  with  steep-sided  depressions,  and  both  closed  (circular,  oval,  and 
irregular)  and  linear  ridges.  Where  the  local  relief  of  hummocky  disintegration 
moraine  is  greater  than  25  feet,  the  above  elements  are  well  developed  and  the  till 
is  thick,  certainly  more  than  50  feet  (Gravenor  and  Kupsch,  1959,  p,  50;  Ellwood, 
1960,  p.  25);  but  only  knobs  and  occasional  linear  ridges  are  present  in  areas  of 
hummocky  disintegration  moraine  with  a  local  relief  of  less  than  25  feet,  and  here 
the  till  is  considerably  thinner  (Plates  8  and  9).  In  the  map-area,  moraine  plateaux, 
which  are  relatively  flat  areas  usually  slightly  higher  than  the  surrounding  knobs,  are 
quite  rare  in  the  hummocky  moraine  whose  local  relief  varies  from  15  to  over  50  feet. 
Knobs,  kettles  and  ridges  are  haphazardly  arranged  and  no  trends  are  discernible. 

As  mentioned  above,  hummocky  disintegration  moraine  usually  grades  laterally  into 
ground  moraine,  but  sometimes  the  contact  is  sharp. 

Terms  used  by  other  workers  to  designate  areas  of  knob-and-kettle  topography 
include  dead-ice  moraine  (Christiansen,  1956;  Bayrock,  1957,  1  960;  Gravenor  and 
Ellwood,  1957);  knob  and  kettle  moraine  (Stalker,  1956);  hummocky  moraine  (Hoppe, 
1952;  Christiansen,  1959;  Stalker,  1960,  Ellwood,  1960);  hummocky  ground  moraine 
(Parizek,  1961);  and  ablation  moraine  (Flint,  1957). 

Hummocky  disintegration  moraine  is  composed  mainly  of  till  that  is  very 
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similar  in  character  to  the  till  of  ground  moraine.  The  surface  ablation  till,  however, 
is  generally  thicker  and  more  widespread  than  in  ground  moraine  areas.  Pockets, 
lenses,  and  stringers  of  clay,  silt,  sand  and  gravel  occur  in  the  till  and  commonly 
show  "collapse"  structures  typical  of  ice-contact  deposits.  Sometimes  whole  knobs 
are  made  up  of  sand  and  gravel,  but  usually  the  latter  just  caps  the  till  knobs. 

It  is  generally  accepted  that  hummocky  disintegration  moraine  formed  in 
areas  where  blocks  of  ice  stagnated  during  deglaciation,  but  the  way  in  which 
this  hummocky  topography  originated  is  still  a  subject  of  controversy.  Two  major 
hypotheses  have  been  proposed:  the  ablation  or  "let-down"  theory  and  the 
"squeezing-up"  theory. 

In  the  "squeezing-up"  theory  the  hummocky  topography  is  believed  to  have 
formed  underneath  the  ice  by  the  squeezing  of  debris  into  basal  cavities  caused  by 
meltwater.  The  drift  could  be  squeezed  up  into  these  cavities  because  it  was  soaked 
with  water  and  therefore  in  a  plastic  state.  The  weight  of  the  ice  itself  exerted  the 
necessary  pressure.  Hoppe  (1952)  is  a  proponent  of  this  theory  and  Stalker  (1960) 
believes  this  mechanism  is  responsible  for  the  hummocky  moraine  in  western  Canada. 

The  ablation  theory,  which  is  generally  favoured  by  most  geologists  working 
in  western  Canada,  envisages  englacial  debris  gradually  accumulating  on  the  surface 
of  the  ice,  and,  due  to  differential  melting  of  the  ice  at  the  surface,  let  down 
irregularly  on  the  ground.  Gravenor  and  Kupsch  (1959)  present  a  strong  argument  for 
this  ablation  mechanism,  but  believe  that  squeezing-up  of  till  into  openings  at  the 
base  of  the  ice  may  have  taken  place  to  some  extent.  The  writer  believes  that  the 
ablation  mechanism  best  explains  the  morphology,  lithology  and  distribution  of  the 
hummocky  disintegration  moraine  in  the  Foremost-Cypress  Hills  area. 

Hummocky  disintegration  moraine  is  largely  restricted  to  the  upland  areas 
(see  above),  closely  associated  with  end  moraines  (Map  1),  and  clearly  formed  near 
the  ice  margin.  Woldstedt  (1954,  p.  95)  noted  this  and  suggested  that  hummocky 
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moraines  may  take  the  place  of  true  end  moraines. 

As  the  glacier  moved  uphill,  obstructed  flow  commenced.  Some  of  the 
basal  debris  was  carried  into  an  englacial  or  superglacial  position  along  thrust  planes 
(Figure  10).  In  this  way  the  marginal  belt  of  ice  was  covered  with  a  thick  mantle 
of  debris.  This  ice  then  stagnated,  but  it  did  not  downwaste  evenly.  Debris-coated 
ice  melted  more  slowly  than  the  naked  ice.  The  hollows  so  formed  were  eventually 
filled  with  debris  and  topographic  inversion  of  the  ice  surface  resulted  (Gravenor, 
1955).  This  inversion  was  probably  repeated  several  times  before  the  debris  finally 
came  to  rest  on  the  ground  surface  as  a  hummocky  mass. 

This  process  explains  the  presence  of  deformed  beds  of  lacustrine  and 
glacio-fluvial  materials  in  the  till  of  hummocky  disintegration  moraine,  and  the 
gradation  of  this  morainal  unit  into  ground  moraine  is  seen  to  be  due  to  the  gradual 
decrease  of  englacial  and  superglacial  debris  away  from  the  ice  margin  -  that  is, 
away  from  the  zone  of  obstructed  ice  flow  (Figure  10). 

End  Moraine 

The  most  extensive  land  form  in  the  map-area  is  end  moraine,  which  covers 
some  1700  square  miles,  or  27  per  cent  of  the  area.  End  moraine  surrounds  the  Cypress 
Hills  Upland,  is  well  developed  around  Lake  Pakowki  and  covers  almost  the  entire 
southwestern  quadrant  of  the  map-area  (Map  1). 

Flint  (1957,  p.  131)  defined  an  end  moraine  as  a  ridgelike  accumulation 
of  drift  built  along  the  margin  of  an  ice  sheet.  End  moraines  in  the  Foremost-Cypress 
Hills  area  have  an  elongate,  linear  or  curvilinear  outline,  are  usually  several  miles 
wide,  and  consist  of  a  series  of  aligned  ridges  that  parallel  former  positions  of  the 
ice  front.  Some  end  moraines  in  this  area  formed  at  or  close  to  the  ice  front,  but 
the  major  end  moraines  (especially  hummocky  end  moraine)  formed  along  a  wide 
marginal  zone  of  the  glacier  -  chiefly  by  stagnation  of  fractured,  debris-clogged  ice. 
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Figure  10* 


Diagramm;»tic  sections  showing  stages  in  the  formation  of 
hummocky  disintegration  moraine 
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Three  morphologically  distinct  types  of  end  moraine  exist  in  the  map-area:  hummocky 
end  moraine,  ridged  end  moraine,  and  washboard  moraine.  (The  first  two  are  only 
differentiated  on  the  one  inch  to  one  mile  maps). 

(1 )  Hummocky  end  moraine 

Hummocky  end  moraine  resembles  hummocky  disintegration  moraine 
in  all  respects  except  that  it  occurs  in  linear  or  curvilinear  belts  rather  than  in 
irregular  masses,  and  the  knobs,  closed  ridges  and  linear  ridges  are  aligned  in  a 
common  direction  (Plate  10),  This  alignment  is  most  probably  the  result  of  ice- 
fracture  control.  Fractures  developed  at  the  margin  of  the  active  glacier  and  persisted 
when  the  glacier  became  stagnant.  This  marginal  belt  of  stagnant  ice  then  separated 
along  the  old  fracture  lines  and  ablation  drift  became  concentrated  in  the  linear  ice 
depressions  so  produced. 

(2)  Ridged  end  moraine 

Ridged  end  moraine  (called  "end  moraine"  on  the  one  inch  to  one  mile 
maps)  is  characterised  by  a  system  of  sub-parallel,  discontinuous,  generally  arcuate 
ridges,  composed  mainly  of  till  -  very  stony  in  places  -  with  minor  amounts  of  gravel 
and  sand.  Knobs  are  usually  present  but  closed  ridges  are  rare  or  absent  (Plate  1 1). 

The  local  relief  is  variable,  but  is  generally  less  than  that  of  hummocky  end  moraine. 
East  of  Lake  Pakowki,  it  approaches  25  feet,  and  in  the  southeastern  corner  of  the 
area,  the  local  relief  is  less  than  15  feet.  At  the  former  locality,  the  main  ridges 
are  usually  200  to  300  yards  apart  (Plate  11),  and  the  thickness  of  the  till  varies  from 
20  to  50  feet.  To  the  west  of  Lake  Pakowki,  where  the  till  is  much  thicker  ridged 
end  moraine  grades  into  hummocky  end  moraine  (Manyberries  Sheet).  The  main  ridges 
most  probably  mark  retreatal  positions  of  the  ice  front;  some  of  the  smaller  ridges  may 
be  crevasse  fillings. 
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(3)  Washboard  moraine 

A  series  of  small,  parallel  till  ridges,  which  are  generally  referred 
to  as  washboard  moraine,  are  well  developed  north  of  Seven  Persons  and  south  of 
the  Milk  River  (Plate  12).  These  ridges  are  2  to  10  feet  high,  100  to  300  feet  apart, 
and  vary  from  a  few  yards  to  over  a  mile  in  length. 

Minor  end  moraines,  minor  recessional  ridges  (Christiansen,  1956) 
and  swells  and  swales  (Gwynne,  1942)  are  other  names  that  have  been  given  to 
this  morainal  form. 

The  origin  of  washboard  moraine  is  uncertain,  but  the  gradation 
into  hummocky  and  ridged  end  moraine,  and  the  lobate  patterns  described  by  the 
ridges,  clearly  show  that  washboard  moraine  is  formed  near  the  ice  margin,  with  the 
ridges  paralleling  former  positions  of  the  ice  front.  Gwynne  (1942,  p.  206)  visualised 
washboard  moraine  as  being  formed  by  periodic  retreat  and  readvance  of  the  live 
glacier  front,  pushing  previously  deposited  ground  moraine  into  ridges.  He  suggested 
that  the  ridges  were  formed  annually.  Elson  (1957,  p.  1721)  studied  washboard 
moraines  in  Manitoba  and  concluded  that  the  ridges  were  deposited  subglacial ly  at 
the  base  of  thrust  planes  in  the  ice.  Gravenor  and  Kupsch  (1959,  p.  55)  agreed  with 
Elson's  idea  and  regarded  the  preservation  of  the  ridges  as  the  result  of  ultimate 
stagnation  of  the  ice. 

Linear  Disintegration  Ridges 

Linear  disintegration  ridge  is  a  general  term  proposed  by  Gravenor 
and  Kupsch  (1959,  p.  53)  for  a  ridge  that  originated  during  stagnation  or  near¬ 
stagnation  of  the  ice.  Debris  that  had  accumulated  in  crevasses  on  the  ice  surface 
or  fissures  at  the  base  of  the  stagnant  ice,  would  be  left  as  linear  ridges  on  the  ground 
when  the  ice  disappeared. 
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In  some  areas  these  constructional  ridges  are  composed  chiefly  of  till 
with  or  without  included  pockets  of  sand  and  gravel;  in  other  places  stratified 
material  predominates.  Linear  disintegration  ridges  are  straight  or  slightly  arcuate, 
vary  in  height  from  5  to  over  40  feet,  and  in  length  from  a  few  yards  to  several 
miles.  Their  most  common  orientation  is  normal  or  parallel  to  the  direction  of  ice 
movement. 

Flint  (1928,  p.  415)  proposed  the  term  "crevasse  filling"  for  the  ridges 
that  were  composed  of  stratified  material.  Christiansen  (1956,  p.  15)  used  this 
term  for  ridges  composed  of  till,  but  Gravenor  (1956,  p.  10)  preferred  the  term 
"till  crevasse  filling".  Sproule  (1939,  p.  104)  noted  similar  features  in  the  Cree  Lake 
area,  Saskatchewan,  which  he  called  "ice-crack  moraine".  Another  term  is  "till 
and  till-cored  esker  ridges"  (Stalker,  1960b,  p.  13). 

In  the  Foremost-Cypress  Hills  area,  linear  disintegration  ridges  are  largely 
composed  of  till  where  associated  with  hummocky  disintegration  moraine,  hummocky 
end  moraine,  and  ground  moraine.  The  best  examples,  however,  are  made  up  of 
stratified  gravel  and  sand  and  are  found  at  the  northwestern  corner  of  Lake  Pakowki 
(Plate  13),  and  beside  Lost  River. 

Special  circumstances  are  responsible  for  the  formation  of  the  linear  ridges 
at  Lake  Pakowki.  For  a  short  period,  the  outer  margin  of  a  stagnant  ice  block  lay 
beneath  the  waters  of  Glacial  Lake  Pakowki.  Glacio-f luvial  material  transported 
along  Etzikom  Coulee  entered  Glacial  Lake  Pakowki,  and,  in  part,  was  deposited  on 
the  submerged  ice  surface.  This  sediment  filled  up  crevasses  in  the  ice.  Soon  after, 
the  latter  became  emergent,  finally  melted,  and  left  a  series  of  arcuate,  subparallel, 
occasionally  intersecting  ridges  composed  entirely  of  sand  and  gravel  (Plate  13). 

The  sediment  is  rudely  sorted;  in  the  west  the  ridges  contain  large  cobbles,  further 
east  fine  gravel  predominates  and  grades  eastward  into  sand. 

In  the  Lost  River  district,  the  ridges  lie  parallel  to  the  direction  of  ice 
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movement.  They  were  formed  by  meltwater  concentrating  sand  and  gravel  into 
longitudinal  crevasses  in  the  stagnant  ice.  This  sediment  was  let  down  as  the  ice 
melted  and  it  eventually  settled  on  the  ground  to  form  ridges. 

Drumlins  and  Drumlinoid  Ridges 

Many  of  the  linear  ridges  in  the  Lost  River  district  have  been  "drumi inised" 
(Plate  14).  This  occurred  when  a  localised  reactivation  of  the  glacier  shaped  the 
stratified  sediment  in  the  crevasses  into  the  streamline  form  characteristic  of  drumlins. 
On  the  maps,  such  features  are  called  "drumlinoid  ridges";  they  always  parallel  the 
direction  of  ice  movement  and  their  stoss  end  is  "up-ice".  In  places,  classical  drumlins 
have  been  formed,  over  50  feet  high  and  composed  entirely  of  gravel  and  sand 
(Plate  14). 

A  swarm  of  very  similar  drumlins  occur  north  of  Dead  Horse  Coulee  (township 
2,  range  11).  They  were  probably  formed  by  ice  readvancing  over  a  small  outwash 
plain  (Plate  15). 

A  point  of  interest  with  regard  to  the  origin  of  drumlins  and  drumlinoid 
ridges  in  the  map-area  is  that  they  all  occur  in  areas  where  the  regional  slope  was 
away  from  the  ice  front.  It  is  possible  that  during  the  latter  stages  of  stagnation,  when 
the  ice  was  "warm",  actual  flowage  under  gravity  occurred,  remoulding  the  englacial 
debris  into  streamline  forms. 

Karnes 

Holmes  (1947,  p.  248)  proposed  the  following  definition  for  the  term  kame: 

"A  kame  is  a  mound  composed  chiefly  of  gravel  or  sand,  whose  form  has  resulted  from 
original  deposition  modified  by  any  slumping  incident  to  later  melting  of  glacial  ice 
against  or  upon  which  the  deposit  accumulated." 

Mounds  of  stratified  drift  are  scattered  throughout  the  map-area,  but  are 
more  abundant  in  areas  of  hummocky  disintegration  moraine  and  hummocky  end  moraine. 
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The  best  examples,  however,  occur  in  Glacial  Lake  Medicine  Hat  (township  12, 
ranges  4  and  5),  and  in  the  southeastern  part  of  the  area,  where  kames  are  associated 
with  eskers,  drumlins  and  linear  disintegration  ridges  (Plate  14). 

Eskers 

An  esker  is  a  long  narrow  ice-contact  ridge,  straight  or  sinuous,  and  composed 
chiefly  of  stratified  drift.  A  system  of  eskers,  aligned  parallel  to  the  direction  of 
ice  movement,  occurs  in  the  southeastern  corner  of  the  map-area  (Map  1  and  Wild 
Horse  Sheet).  Straight  and  sinuous  types  are  present  (Plates  16  and  17);  the  former  are 
indeed  spectacular  examples. 

The  best  developed  esker  (Plate  16)  extends  from  the  Many  berries  Range 
Station  southeastward  to  Wild  Horse,  a  distance  of  over  12  miles,  and  continues  into 
Montana.  In  places  it  rises  50  feet  above  the  surrounding  prairie  level  and  is  over 
a  mile  wide  for  a  considerable  part  of  its  length.  Linear,  circular,  and  irregular 
kettles  pit  the  esker  and  a  few  channels,  now  abandoned,  cut  right  across  the  ridge. 
Sections  in  the  occasional  gravel  pit  show  crossbedded  gravel  and  sand  that  indicate 
transportation  to  the  southeast,  that  is,  in  the  direction  of  the  regional  slope. 

The  presence  of  channels  cutting  across  the  above-mentioned  esker  ridge, 
now  abandoned  and  unrelated  to  the  present  drainage,  suggests  that  the  eskers  were 
formed  by  deposition  of  glacio-fluvial  material  in  subglacial  tunnels.  Superglacial 
streams  eroded  into  the  esker's  sediment  as  the  ice  surface  downwasted,  and  dry  gullies 
were  left  in  the  esker  ridge  when  the  ice  finally  disappeared.  Linear  disintegration 
ridges  draped  over  the  esker  ridge  point  to  the  same  origin.  The  kettles  were  formed 
when  buried  blocks  of  ice  melted  and  caused  subsidence  of  the  overlying  sediment, 
but,  those  along  the  flanks  of  the  ridge  are  more  likely  related  to  the  loss  of  the  con¬ 
fining  wal Is  of  ice. 
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Collapsed  Ice-contact  stratified  drift 

Areas  of  stratified  drift,  with  an  undulating  to  rolling  topography,  are  mapped 
as  "collapsed  ice-contact  stratified  drift",  Flint  (1957,  p.  152)  called  such  areas 
"collapsed  masses", 

"A  blanket  of  stratified  sediment  was  deposited  upon  thin  ice  and  let  down 
on  to  the  ground  as  the  ice  melted.  Variations  in  thickness  of  ice  and  of  sediment 
combined  to  give  the  collapsed  sediment  an  unsystematic  undulatory  upper  surface," 
(Flint,  1957,  p,  152) 

Two  areas  of  collapsed  masses  have  been  mapped;  both  are  in  meltwater 
channels.  One  lies  in  the  Medicine  Lodge  Channel  and  the  other  in  the  meltwater 
channel  west  of  Green  Lake  (Green  Lake  Sheet), 

Flutings 

Flutings  are  narrow,  straight,  parallel  ridges  and  grooves,  composed  of  till 
or  bedrock.  They  are  oriented  in  the  direction  of  ice  movement,  and  occur  in  swarms 
and  not  as  single  isolated  ridges  or  grooves  (Plate  4), 

Flutings  are  present  on  the  Lucky  Strike  Upland,  the  foothills  of  the  Sweet 
Grass  Hills  south  of  the  Milk  River,  on  the  preglacial  divide  southeast  of  Lake  Pakowki, 
and  in  the  area  just  north  of  Milk  River  and  east  of  Pakowki  Coulee  (Map  1).  The 
first  three  localities  are  upland  areas,  where  the  drift  is  very  thin  and  bedrock  commonly 
exposed  at  the  surface.  At  the  last  locality,  the  flutings  are  entirely  in  drift. 

The  relief  on  flutings  is  usually  only  a  few  feet;  the  length  of  the  ridges 
and  grooves,  however,  is  commonly  more  than  a  mile.  Hence,  it  is  difficult  to 
discern  flutings  from  the  ground,  but  they  show  up  very  clearly  on  aerial  photographs. 

Flutings  in  the  bedrock,  south  of  the  Milk  River  (Plate  4),  show  that  glacial 
erosion  is  the  dominant  factor  in  their  origin,  but  the  exact  mechanism  whereby 
flutings  are  created  is  still  a  matter  of  conjecture. 
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Bedrock  upland  veneered  with  drift 

As  the  name  implies,  this  is  not  a  specific  glacial  land  form,  but  essentially 
a  dissected  bedrock  upland  area  which  has  been  slightly  modified  by  the  deposition 
of  glacial  drift.  The  surface  expression  of  this  drift  is  constructional  in  places,  but 
is  more  commonly  controlled  by  the  bedrock  surface.  The  drift  is  usually  thin,  except 
in  the  preglacial  valleys,  and  bedrock  exposures  are  numerous. 

Proglacial  Land  Forms 

Outwash  Plains 

Outwash  plains  cover  only  a  restricted  part  of  the  Foremost-Cypress  Hills 
area.  This  is  because  the  regional  slope  over  much  of  the  area  was  into  the  glacier 
and  not  away  from  it.  During  deglaciation,  therefore,  meltwater  was  forced  to  flow 
along  the  ice  margin,  carrying  glacio-fluvial  material  with  it.  Wherever  the  slope 
of  the  land  was  away  from  the  glacier,  outwash  plains  or  aprons  resulted  (Map  1). 

The  largest  outwash  plain  occurs  in  the  southeastern  corner  of  the  map-area 
and  covers  about  100  square  miles.  It  is  flat  to  undulating  and  is  composed  of  thin 
stratified  gravel,  sand  and  silt,  with  the  underlying  till  and  bedrock  commonly 
showing  at  the  surface.  Stagnant-ice  features  (linear  disintegration  ridges,  kames 
and  eskers)  sit  on  this  plain  together  with  a  few  drumlins  composed  of  stratified  gravel 
and  sand  (see  above). 

The  southern  slopes  of  the  Lucky  Strike  Upland  are  covered  by  thin  outwash 
gravel  and  sand.  Drumlins  composed  of  glacio-fluvial  material,  are  present  on  this 
plain  too. 

A  few  miles  to  the  northeast  of  the  Lucky  Strike  Upland,  a  fan-shaped  patch 
of  outwash  sand,  about  15  square  miles  in  area,  overlies  till  and  narrows  northwards 
to  a  small  interlobate  system  of  kames.  A  superglacial  stream  must  have  flowed  between 
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two  ice  lobes,  here,  and  built  up  on  outwash  apron  in  front  of  the  ice.  The  slope  of 
the  land  was  away  from  the  glacier  at  this  locality,  which  overlies  the  south-sloping 
north  bank  of  the  Ancestral  Milk  River  (Map  8). 

Small  outwash  aprons  exist  in  front  of  the  end  moraines  north  of  the  Cypress 
Hills  (Elkwater  Sheet). 

The  remaining  outwash  plains  or  aprons  are  associated  with  meltwater 
channels,  and  occur  in  the  northwestern  quadrant  of  the  map-area  (Mop  1). 

Although  the  regional  slope  was  into  the  ice  throughout  this  area,  over  sites  of  pre¬ 
glacial  valleys,  the  slope  was  occasionally  away  from  the  ice  margin,  and  at  these 
locales,  outwash  aprons  were  formed.  The  largest  of  these  (and  the  second  largest  in 
the  map-area)  is  the  sandy  outwash  plain,  60  square  miles  in  area,  south  of  Purple 
Springs  and  Grassy  Lake  (townships  9  and  10,  ranges  13  and  14). 

Loess  Plain 

The  loess  plain  is  co-extensive  with  the  unglaciated  Cypress  Hills  Plateau 
and  adjacent  slopes  to  the  south,  and  covers  about  120  square  miles  (Map  1).  The 
loess  overlies  the  weathered,  oxidized  cap  of  the  Cypress  Hills  conglomerate,  varies 
in  thickness  from  1  to  8  feet,  and  contains  numerous  quartzite  pebbles  from  the  under¬ 
lying  Cypress  Hills  conglomerate  that  were  elevated  into  the  loess  by  frost  action 
(Plates  1  and  18).  The  resultant  fabric  of  the  loess  resembles  that  of  till  (that  is, 
unsorted),  but  no  erratic  pebbles  are  present.  An  interesting  point  about  these  dis¬ 
placed  pebbles  is  that  their  long  axes  are  usually  in  a  vertical  position,  clearly 
indicating  post-depositional  changes  in  the  loess  as  well  as  the  underlying  Cypress  Hills 
conglomerate.  Indeed,  the  uppermost  6  feet  of  the  Cypress  Hills  conglomerate  has 
been  deformed  by  frost  action,  as  is  evidenced  by  the  presence  of  deranged  pebbles 
(Figure  11)  and  involutions  (Plate  18,  B;  Sharp,  1942;  equivalent  to  "festoons"  of 
Schafer,  1949). 
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Figure  11.  Rearrangement  of  pebbles  in  the  upper  part  of  the  Cypress  Hills 
conglomerate  -  the  result  of  frost  action 
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The  textural  variation  of  the  Cypress  Hills  loess  suggests  northerly  pre¬ 
vailing  winds  during  the  period  of  loess  deposition  (Figure  12).  These  winds  picked 
up  part  of  the  finer  fraction  of  the  glacial  drift  and  deposited  some  of  it  on  the 
unglaciated  Cypress  Hills  Plateau.  That  this  was  the  case  Is  shown  by  the  presence 
of  mineral  species  in  the  loess  that  are  common  in  the  neighbouring  drift  but  absent 
in  the  underlying  Cypress  Hills  formation  (e.g.  fresh  green  hornblende  -  see 
Figure  12  and  Chapter  VI).  The  loess  at  the  northern  end  of  the  plateau  Is  coarse¬ 
grained,  and,  in  places,  over  50  per  cent  sand  (Figure  25).  The  winds  that  transported 
this  material,  therefore,  must  have  been  strong,  and  were  most  probably  katabatic  In 
nature,  coming  off  the  nearby  Ice  sheet. 

The  deformation  of  the  Cypress  Hills  conglomerate  and  the  loess  by  frost 
action  must  have  occurred  when  the  area  was  in  a  periglaclal  environment.  Low 
temperatures,  strong  winds,  and  many  fluctuations  across  the  freezing-point  at  certain 
seasons  characterise  such  an  environment  (Sharp,  1942).  With  the  mean  annual 
temperature  less  than  0°C.,  perennially  frozen  ground  developed,  and  the  sediment 
in  the  active  layer  -  the  surface  layer  which  is  repeatedly  subjected  to  fluctuations 
across  the  freezing-point  -  was  deformed  as  a  result  of  the  repeated  formation  and 
subsequent  thawing  of  ice.  In  the  Cypress  Hills,  the  active  layer  was  about  6  feet 
thick. 

Glacial  Lake  Basins 

Lacustrine  deposits  cover  about  500  square  miles  of  the  map-area  and  every¬ 
where  overlie  preglacial  topographic  lows  (Maps  1  and  8).  The  glacial  lakes  may  be 
classified  Into  two  groups:  the  proglaclal  lake  that  ponded  against  the  Ice  margin  as 
the  latter  retreated  down  regional  slope  and  the  superglacial  lake. 

Proglaclal  lakes 

As  the  regional  slope  was  Into  the  glacier  over  much  of  the  area, 
proglaclal  lakes  are  common.  In  addition  to  small  patches  of  lacustrine  sediment  on 
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Figure  12*  Textural  variation  and  percentage  hornblende  in  Cypress  Hills 
loess 
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ground  moraine,  four  large  proglacial  lakes  occur  in  the  Foremost-Cypress  Hills 
area . 


(1)  Glacial  Lake  Pakowki 

Glacial  Lake  Pakowki  Basin  occupies  the  centre  of  the  map-area,  covers 
about  120  square  miles,  and  overlies  the  Ancestral  Milk  River  Valley.  To  the  north¬ 
west,  the  topography  is  hilly  and  the  dominant  sediment-type  is  sand  and  gravel 
(see  linear  disintegration  ridges).  This  changes  into  a  flat  plain  in  the  southeastern 
part  of  the  basin,  where  a  few  feet  of  clay  overlies  sand.  The  thickness  of  the  lacustrine 
sediment  is  not  known. 

Two  deltas  project  into  the  lake  basin.  The  larger  one  lies  in  front  of  Etzikom 

Coulee  (Plate  13).  It  is  composed  of  sand  and  gravel  and  the  "cut  and  fill"  structure, 

or  large-scale  festoon  crossbedding,  indicates  deposition  in  shallow  water.  The  other 

delta  is  situated  just  west  of  the  point  where  Irrigation  Creek  enters  Lake  Pakowki 

(Map  1  and  Manyberries  Sheet).  It  is  much  sandier  and  contains  transported  and 

in  situ  remains  of  Equisetum  sp. ,  together  with  fragmental  bison  bones.  The  presence 

of  Equisetum  sp.  indicates  deposition  in  shallow  water,  and  some  of  its  remains  were 

14 

collected  for  a  C  date,  but  the  writer  has  not  received  the  result  as  yet. 

Only  one  strandline  of  Glacial  Lake  Pakowki  was  found  (section  19,  township 
3,  range  6).  It  is  marked  by  a  sandy  beach  deposit  that  is  just  over  2900  feet  above 
sea  level . 

Glacial  Lake  Pakowki  was  formed  when  meltwater  accumulated  in  front  of 
the  ice  margin  as  the  latter  retreated  downslope  towards  the  Ancestral  Milk  River 
Valley  from  the  preglacial  divide  near  Comrey  (township  2,  range  6).  The  earliest 
spillway  was  the  Canal  Creek  Channel,  just  over  3000  feet  above  sea  level  (Map  1). 

This  channel  becomes  an  esker  near  Manyberries  Range  Station  (township  2,  range  4) 
and  indicates  that  at  this  point  the  meltwater  entered  a  subglacial  tunnel  in  the 


allfh  sHl  nj\iuDob  eojlol  fdisolQouq  9910!  luol  ^snioiom  bnuoiQ 


.^U4,  f  -V 


,0810 

•  .  .r  I 


=,4- 


NwoJoS  a^loJ  lot^olO  (f) 

.'.V . . . — 


r  . 


aiavoD  jDaio-qom  aHt  eilnoD  sril  aaiqo^ijo  ni«D8  i>lw6:^D^  ajIoJ  loi:>t>IO 

‘  .  ■  lii.  ,  ■  .,  -  '  -.  .  .'ft'  ri 

-Hhon  adl  oT  ,yal[DV  >l|iM  IcnIwonA  eHl  aeihevo  bno  ticiipa  QSf  luodb 

V  '  * 

lavo^g  bno  bnoa  2!  eqyl-tnomibai  tnonJirob  dr|t  bno  ylMH  ti  yriqoigoqol  aHt  Jd9w 

'if  -  ' 

moIZDoHiuoe  adV  ni  niolq^loll  d  oinj  aa^noHo  elHT  .(e^Qbh  nohoipslmelb  loonii  99t) 
anitlauDol  a*H  2»©n>loiHt  dHT  bnoa  aaihsvo  yob  lo  w©^  o  si©Hw  ^nfaod  ©fH  b  tioq 

.nwonal  ton  il  tnofniboi 

ni  ?©n  ©no  legiol  ©rff  .n»*Dd  ©>tol  ©Ht  o^ni  tosjoiq  *otl©b  owT 
^©lutouita  ''llil  bno  tuo”  ©Ht  boo  IsvDig  bno  brroz  b  bs^oqfnoo  «»  tl  .(Cf  slol^)  eoluoD 
i©Hio  ©HT  .latow  wolloHa  m  noltlaoqsb  {©iooibnl  xgnlbbsdteoiD  rvoott©^  ©looi^egiDt  lo 
jilwoloS  oJtxJ  eigtn©  !>la©iD  ooliogbil  ©isHw  tnioq  ©Hi  k>  t«®w  1«uj  bslovrtie  ?»  oflsb 

bno  bo1ioqanci1  anlotnoo  bno  lalbnoe  Hoom  2«  ll  .(laaH?  aaf-nodynoM  bno  f  qoM) 

B 

o©no2o'iq  ©HT  .aanod  noaid  tblnarrtQOi^  Hliw  idHtegol  ,.q2  ffiufagl up3  ^  tniomsi  u1l»  m . 
6iaw  ?n»ofn©i  eli  >0  ©rrvae  bno  ,o©tow  wolloHe  ni  rtoitkoqob  eolooibm  .qi  muf©2»up3  I0 
.toy  20  iluesi  0H1  bsviddsi  ion  aoH  T©it-rw  ©Ht  lL*d  ^©lob  3  o  io^  boloolloo 
qjHanwol  ,9f  nohDsi)  bnuoT  eow  iHwoHoS  ©>!oJ  loioolO  ©nilbnoila  ©no  ylnO 

©voHo  tool  00^2  13VO  i«uj  2*  I0H1  Ifzoqeb  HodocI  ybnw  o  yd  ba^JiDoi  |{  tl  .(6  99ml 

•  jHT  —  •  T  » 

iM  p  .IdVdl  OQ2 

^  I001T  ni  boloiumaooD  letowllam  noHw  bennot  iow  iHwoslo^  ©HoJ  toioolO 
laviJi  HliM  loftiaonA  ©Hi  ebiowol  ©qcl^nwob  boloe'il©!  lettol  orH  ao  ni^^om  aoi  ©Hi 
t2©iiio9  ©HT  ,(6  ©gnui  ,S  qiHanwol)  yaimcO  icon  ©bivib  ioijoiQox)  ©Ht  moH  yalioV 
.(I  qoM)  Uv©l  D©2  ©vodo  19©1  OOOii  i»va  huj  ^lannoHD  >)q©iD  lDno3  ©Hi  2dw  yowttiqe 

^  iK  , 

©gnoi  qiHenwol)  notlDf2  agncJl  aainddynoM  loan  to  Ha©  no  tomoaod  lannoHo  ilHT 
©Hi  ni  lanntH  ioioolgdua  o  boialna  idlowtlam  ©Hi  tnioq  elHt  I0  foHl  aoiooibni,  bno 


54 


stagnant  ice  (Wild  Horse  Sheet).  The  next  spillway  to  be  used  was  the  Lost  River 
Channel  at  an  elevation  of  approximately  2950  feet.  With  further  backwasting  of 
the  ice  front,  the  glacial  waters  found  a  lower  outlet,  the  Pakowki  Channel,  which 
is  less  than  2900  feet  above  sea  level.  A  considerable  volume  of  meltwater  entered 
Glacial  Lake  Pakowki  via  the  Etzikom  Ice-marginal  Channel  and  left  via  the  Pakowki 
Channel  (Map  1), 

It  is  most  likely  that  proglacial  lakes  formed  in  this  area  during  the  retreat 
of  earlier  glaciers. 


(2)  Glacial  Lake  Medicine  Hat 

The  southern  part  of  the  Lake  Medicine  Hat  Basin  lies  in  the  map-area  and 
covers  about  25  square  miles  of  township  12,  ranges  5  and  6.  It  overlies  the  Ancestral 
Milk  River  Valley,  slopes  gently  to  the  north,  and  contains  "islands"  of  till  and  numerous 
kames  (Map  1).  The  Seven  Persons  Channel  enters  this  lake  basin  from  the  south 
(township  1 1 ,  range  5),  and,  at  this  locality,  the  sediment  is  mainly  sand  and  gravel . 
Sand  predominates  to  the  north  and  west,  with  silt  and  clay  becoming  more  conspicuous 
in  the  extreme  western  part  of  the  basin.  The  lake  formed  as  a  result  of  the  confinement 
of  meltwater  to  the  lowland  around  Medicine  Hat  when  drainage  to  the  north  was  pre¬ 
vented  by  the  glacier. 

(3)  To  the  east  and  west  of  Forty  Mile  Coulee,  over  an  area 
of  about  130  square  miles,  thin  lacustrine  sand,  silt  and  clay  overlie  till  (Map  1). 

These  lacustrine  sediments  were  deposited  in  a  shallow  proglacial  lake  that  most 
probably  drained  via  the  Forty  Mile  Channel.  The  topography  is  flat  to  gently  undulat¬ 
ing  and  a  sandy  beach  deposit  occurs  at  section  16,  township  8,  range  12, 

(4)  An  extensive  area  of  lacustrine  sand  (160  square  miles) 
occurs  in  the  northwestern  corner  of  the  map-area  and  lies  immediately  above  the  now 
buried  Ancestral  Oldman  River  Valley.  The  sand  is  thin  and  the  underlying  till  is 
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commonly  exposed  at  the  surface.  The  undulating  to  hummocky  topography  is 
related  to  the  till  and  not  the  lacustrine  sand,  which  is  too  thin  to  completely  mask 
the  hummocky  till  surface. 

Superglacial  lakes 

Small  patches  of  lacustrine  sand,  silt  and  clay  are  common  in  areas 
of  hummocky  moraine.  These  lacustrine  deposits  may  be  draped  over  till  knobs  or 
occur  as  deformed  stringers  in  ablation  till.  They  undoubtedly  accumulated  in 
shallow  ponds  on  a  stagnant  ice  surface,  and  were  let  down,  together  with  the 
ablation  till,  on  to  the  basal  till  as  the  ice  melted  away. 

Glacial  Lake  Wild  Horse 

The  northern  part  of  the  Lake  Wild  Horse  Basin  lies  in  the  southeastern 
corner  of  the  Foremost-Cypress  Hills  area,  where  it  covers  about  35  square  miles 
(Map  1  and  Wild  Horse  Sheet).  Lake  Wild  Horse  sediments  are  mainly  sand  and  fine 
gravel  with  some  silt,  but  in  township  1,  range  2,  they  are  covered  by  recent  alluvial 
and  lacustrine  silt  and  clay.  In  areas  of  recent  sedimentation  the  topography  is  flat, 
but  it  is  undulating  and  occasionally  hilly  over  the  remainder  of  the  basin  and  in  some 
places,  the  surface  is  pitted  with  kettles  (Plate  19). 

Unlike  the  above-mentioned  glacial  lakes.  Lake  Wild  Horse  formed  in  an 
area  where  the  regional  slope  was  away  from  the  ice  front,  namely  to  the  southeast. 
The  esker  that  passes  through  Wild  Horse  dammed  the  glacial  waters  to  the  north. 

The  last  glacier  to  affect  the  southeastern  part  of  the  map-area  became  stagnant  south¬ 
east  of  the  preglacial  divide  that  runs  through  Comrey  (township  2,  range  6),  Super¬ 
glacial  and  subglacial  meltwater  flowed  to  the  southeast,  Downwasting  of  the 
stagnant  ice  eventually  resulted  in  the  exposure  of  the  eskers  which  were  formed  in 
the  subglacial  tunnels.  Once  above  the  ice  surface,  the  eskers  impeded  the  flow  of 
superglacial  meltwater,  and,  as  a  result,  the  superglacial  Lake  Wild  Horse  was 
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formed  (Plate  19).  Sand  and  fine  gravel  were  deposited  in  this  superglacial  lake  and 
let  down  on  to  the  underlying  till  as  the  ice  melted. 

Deposits  of  both  superglacial  and  proglacial  lakes  commonly  contain 
invertebrate  fossils.  Several  samples  of  fossiliferous  lacustrine  sediment  were  collected 
and  submitted  to  Dr.  R.  Green  of  the  Research  Council  of  Alberta,  who  identified  the 
fossils  and  commented  on  their  ecobgical  significance. 

Fossiliferous  superglacial  lacustrine  sediment  was  sampled  at  two  localities. 
Figure  13  illustrates  the  geological  setting  of  sample  3261  (see  Appendix  A  for 
location  of  samples),  and  the  fauna  recovered  from  this  sample  is  listed  below, 

Ostracoda 

Limnocythere  trapeziformis  Staplin 
Limnocythere  staplini  Gutentag  and  Benson 
llyocypris  gibba  (Ramdohr) 

Candona  nyensis  Gutentag  and  Benson 
Candona  renoensis  Gutentag  and  Benson 
Candona  caudata  Kaufman 
Cyclocypris  forbesi  Sharpe 
Cypris  pubera  Mu  1 1  er 
Cyprinotus  incongruens  (Ramdohr) 

Cypridopsis  vidua  (Muller) 


Gastropoda 


Stagnicola  palustris  nuttalliana 
Stagnicola  palustris  (Muller) 


Gyrau lus  cyclostomus  Baker 
Physa  sp. 
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Figure  13.  Geological  setting  of  fossil  sample  3261 
Isd.  13,  S.  28,  Tp.  8,  R.  4 
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Pelecypodg 

Pisidium  sp. 

At  the  other  locality,  3  feet  of  deformed  sand  and  gravel  with  clay  inclusions 
overlie  till  and  contain  the  following  fauna  (sample  3663): 

Ostracoda 

Limnocythere  trapeziformis  Staplin 
llyocypris  bradyi  Sars 
Candona  indigena  Hoff 
Candona  renoensis  Gutentag  and  Benson 
Cypridopsis  vidua  (Mu  1 1 er) 

Gastropoda 

Stagnicola  palustris  (Muller) 

Gyraulus  sp.  (intermediate  between 
G.  altissimus  (Baker)  and  G,  cyclostomus  Baker) 

Physa  sp. 

Both  these  assemblages,  together  with  the  presence  of  marl,  indicate  shallow,  cool 
but  not  cold  lakes  on  the  stagnant  ice  surface:  the  water  probably  warmed  up  to 
above  50°F.  (10°C.)  during  the  summer.  In  addition,  the  lakes  were  alkaline  (that 
is,  the  same  as  present  Alberta  lakes)  and  surrounded  by  a  moderate  growth  of 
vegetation , 

Proglacial  lake  sediments  were  sampled  at  section  23,  township  9,  range  1 
(sample  4961).  Here  15  feet  of  lacustrine  sand,  silt,  clay  and  marl  overlie  outwash 
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sand  and  gravel  which  Is  underlain  by  till.  Fossils  recovered  from  the  lacustrine 
sediment  Include: 

Ostracoda 

Cyclocypris  forbesi  Sharpe 
Potamocypris  smaragdina  (Vavra) 

Cypridopsis  vidua  (Mu  I  ler) 

Candong,  nyensis  Gutentag  and  Benson 
Cyprinotus  Incongruens  Ramdohr 

Gastropoda 

Succinea  avara  Say 
Gyraulus  altissimus  (Baker) 

Gyraulus  cyclostomus  Baker 
Stagnicola  palustrls  (Muller) 

Physa  sp. 


Plants 

Chara  sp. 

Chara  sp.,  C.  Incongruens,  C,  vidua  and  marl  indicate  a  shallow,  cool  lake,  with 
moderate  vegetation.  It  is  most  likely  that  this  lake  continued  to  exist  after  the 
disappearance  of  the  glacier. 

At  section  18,  township  10,  range  5,  35  feet  of  bedded.  In  part  fossil Iferous, 
sand,  silt  and  clay  cover  till  and  lie  just  south  of  a  wel  I -developed  end  moraine. 
Hence,  it  Is  presumed  that  these  sediments  were  deposited  In  a  proglaclal  lake.  The 
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following  gastropods  were  identified  (sample  4262),  being  present  mainly  in  the  clay 
beds.  Oddly,  these  are  all  terrestrial  gastropods.  They  were  most  probably  derived 

Succinea  avara  Say 
Vertigo  modesta  (Say) 

Euconulus  fulrus  (Muller) 

Vg I  Ionia  gracilicosta  Reinhardt 

from  nearby  sediments.  What  is  important,  they  indicate  a  damp  to  somewhat  humid 
climate,  certainly  not  dry,  with  no  high  summer  temperatures  and  at  least  enough 
vegetation  to  offer  shade  close  to  the  ground.  In  other  words,  a  climate  different 
from  that  of  southern  Alberta  today. 

Meltwater  Channels 

The  term  "meltwater  channel"  is  here  used  to  describe  any  channel  that 
carried  meltwater  from  the  glacier.  The  meltwater  channels  of  the  Foremost-Cypress 
Hills  area  may  be  classified  into  three  types:  ice-marginal  channels,  consequent 
channels,  and  buried  channels. 

Ice-marginal  channels  are  the  most  numerous  type  of  meltwater  channel  in 
the  map-area.  Some  are  over  one  mile  wide  and  400  feet  deep  (Milk  River  Channel, 
Plate  3);  others  are  less  than  300  feet  wide  and  only  10  feet  deep  (channels  in  townships 
7  and  8,  ranges  12  and  13;  Plate  20).  Most  have  steep-sided  walls  and  a  trenchlike 
cross  profile,  and,  because  their  path  was  determined  by  the  position  of  the  glacier's 
margin,  ice-marginal  channels  occasionally  cut  through  preglacial  hills  and  divides 
(Map  8).  The  Medicine  Lodge,  Verdigris,  Milk  River,  Etzikom,  Chin,  Forty  Mile, 
Seven  Persons  and  South  Saskatchewan  channels  are  al I  ice-marginal  channels.  The 
broad  upland  of  the  preglacial  Winnifred  Divide  diverted  east-flowing  meltwater  to 
the  south  and  southeast,  along  its  western  flank  (Map  1).  This  explains  the  seemingly 
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anomalous  orientation  of  the  Forty  Mile  Channel.  Because  ice-marginal  channels 
mark  successive  positions  of  the  retreating  ice  front  they  are  very  helpful  in 
unravelling  the  glacial  history. 

Consequent  meltwater  channels  conducted  meltwater  away  from  the  glacier, 
in  the  direction  of  the  regional  slope.  Only  a  few  of  these  channels  occur  in  the 
map-area  and  most  are  situated  south  of  the  Milk  River.  Coutts  Channel  (township  1, 
range  15),  Clarinda  Channel  (township  1,  range  14),  and  Pinhorn  Channel  (township  1, 
range  7)  all  carried  meltwater  to  the  south,  away  from  the  glacier's  margin  (Map  1). 

Both  ice-marginal  and  consequent  channels  are  cut  in  glacial  drift  and  usually 
into  the  underlying  bedrock  as  well  (Maps  1  and  8;  Figure  5).  They  are  floored  with 
recent  alluvial  and  lacustrine  silt  and  clay,  which  most  likely  cover  glacio-fluvial 
material.  Alluvial  fans  commonly  extend  into  them. 

Terraces  are  present  along  many  of  the  channels.  In  the  South  Saskatchewan 
Channel  they  are  carved  in  bedrock,  their  surfaces  being  covered  by  a  veneer  of 
glacio-fluvial  material  (section  15,  township  11,  range  12).  Elsewhere,  terraces  are 
composed  of  glacio-fluvial  sand  and  gravel.  Examples  occur  in  the  Seven  Persons 
Channel,  just  before  it  enters  the  Lake  Medicine  Hat  Basin,  and  in  the  Medicine  Lodge 
Channel  (Green  Lake  Sheet).  Along  part  of  the  Etzikom  Channel  (township  5,  range  15) 
and  Milk  River  Channel  (township  2,  ranges  10  and  1 1),  the  terraces  are  covered  with 
till,  indicating  two  phases  of  meltwater  flow  interrupted  by  a  glacial  advance. 

A  buried  meltwater  channel  occurs  just  to  the  north  of  Crow  Indian  Lake 
(township  5,  range  14)  and  another  runs  from  the  junction  of  Chin,  Forty  Mile  and 
Seven  Persons  coulees,  northwards  through  Granlea,  to  Murray  Lake  (Maps  1  and  8). 

The  former  channel  was  clearly  part  of  the  Etzikom  Channel  at  one  time.  Both 
channels  were  filled  with  till  when  the  glacier  readvanced  over  them. 
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Spil  Iways 

Spillways  are  channels  that  were  formed  as  drainage  outlets  of  glacial 
lakes.  Canal  Creek  Channel,  Lost  River  Channel,  Pakowki  Channel  and  Milk  River 
Canyon  are  spillways  that  drained  Glacial  Lake  Pakowki  (Map  1,  Figure  32).  Most 
of  the  water  drained  via  the  last  two  channels,  which  are,  therefore,  considerably 
larger  than  the  others.  Verdigris,  Etzikom  and  Chin  ice-marginal  channels  did 
drain  glacial  lakes  to  the  west  of  the  map-area  (Stalker,  G.S.C.  map  41,  1962) 
and  may  be  considered  as  ice-marginal  spillways. 

Eroded  Plains 

Severely  eroded  plains  occur  on  the  broad  upland  of  the  preglacial  divide 
southeast  of  Lake  Pakowki  (A/\ap  1).  The  drift  is  either  thin  or  absent,  badland  is 
extensive,  and  ill-defined  ice-marginal  meltwater  channels  dissect  the  surface  in 
places,  especially  south  of  the  Milk  River  (Plate  21).  Flutings  extend  across  these 
channels  and  indicate  an  advance  of  the  glacier  over  them;  but  little  drift  was 
deposited  at  this  time,  as  the  channels  are  still  conspicuous  and  surface  exposures 
of  bedrock  numerous.  Till  caps  the  higher  areas,  with  gravel,  sand,  silt  and  clay 
occurring  in  the  lower  parts.  In  places  the  sand  and  silt  has  been  transported  by 
the  wind  for  a  short  distance,  producing  dunes. 

Postglacial  Land  Forms 

River  Val leys 

Although  the  Milk,  South  Saskatchewan,  Oldman  and  Bow  rivers  flow  for 
the  most  part  along  old  meltwater  channels,  they  owe  part  of  their  present  day 
appearance  to  postglacial  erosion.  The  western  stretch  of  Milk  River  (township  2, 
ranges  14  and  15),  for  example,  meanders  in  a  50  feet  deep,  box-like  canyon  that 
was  formed  entirely  in  postglacial  times.  In  addition,  postglacial  terraces  occur 
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along  the  above-mentioned  valleys  which  have  been  considerably  deepened  since  the 
retreat  of  the  last  glacier. 

North  of  the  Cypress  Hills,  many  postglacial  valleys  exist.  They  are  all 
incised  into  the  drift  and  bedrock  and  some  are  over  100  feet  deep.  In  the  southeastern 
part  of  the  map-area,  postglacial  valley  degradation  was  interrupted  by  a  period  of 
aggradation.  Thus,  Pinhorn  Channel  (township  1,  range  7)  has  a  fill  of  fine  gravel, 
sand  and  silt,  over  20  feet  thick.  Many  of  the  valleys  on  the  southeastern  side  of 
the  preglacial  divide  that  runs  northeastwards  through  Comrey  (township  2,  range  6) 
are  also  aggraded.  The  valley  at  section  30,  township  2,  range  3  has  a  fill  composed 
of  gravel,  sand,  silt  and  clay  from  which  a  skull  of  Bison  bison  bison  (Research  Council 
of  Alberta,  catalogued  under  Westgate,  263)  was  recovered. 

Dunes 

Extensive  dune  development  is  found  in  two  districts:  the  northeastern  part 
of  Lake  Pakowki  and  the  environs  of  the  Oldman,  Bow  and  South  Saskatchewan 
rivers.  Minor  patches  occur  within  the  outwash  plains  (Map  1). 

At  Lake  Pakowki,  lacustrine  sand  has  been  blown  on  to  the  adjacent  ground 
and  end  moraine  by  westerly  winds.  The  sand  extends  on  to  the  till  as  a  group  of 
lobes,  convex  to  the  east,  within  which  occur  blow  outs,  parabolic  and  transverse 
dunes  (Plate  23).  These  thin,  lobate  sheets  of  sand,  together  with  their  superimposed 
dunes,  are  now  stabilised  by  grasses, shrubs,  and  trees,  but  in  places  have  been  re¬ 
activated  as  a  result  of  prolonged  periods  of  drought. 

Parabolic  and  longitudinal  dunes,  developed  by  west-south-westerly  winds, 
are  present  in  the  northwestern  corner  of  the  map-area.  They  are  composed  of 
lacustrine  sand  which  overlies  the  Oldman  End  Moraine.  Some  of  the  parabolic 
dunes  have  arms  over  a  mile  long  and  many  of  the  longitudinal  dunes  are  merely 
linked  parabolic  dunes  (Plate  24).  These  dunes  are  now  stabilised  by  vegetation. 


Id 

«j4i  naad  avori  fbidw  eyailov  b^noilnenv-ovodo  aHl  gnolo 

'  ‘  vH,  .••IooIq  <*ol  •rb  loeiiai 

« 

IId  910  yjHT  ,l2(x9  2v9)lt}v  v(rtom  sis-iqyD  9HI  I0  rlfioH  ^ 

fHataooffhoi  aH^  nl  .qasb  OOf  law  sio  amo?  bno  )lx>ib9d  bno  <>iib  0HI  oini  b^iiom 

,  I 

V)  bchaq  c  yd  b^lqyvitflnl  dov^  noliobcnpob  yallov  (oiaotctdcci  ^ooio-qom  9t^t  fe  1ioq 

p  *  I  ■••i**iv’ 

J^vpnig  an!}  Ihi  o  iof\  (\  qirlinwot)  lannodZ)  moHni^  ^twcff  .noHoboiggo 

}o  obti  ni^^coodtuct  9fH  no  dyallpv*  srH  k*  yroM  .  )loiHi  OS  lovo  boo  boM 
(6  ®gnot  quUnwot)  y&imoD  Hguoid<  fbirsfwteosHtKJO  2001  todi  ablytb  loiooleaiq  9fH 

bs^oqmop  o  aoH  C  agnoi  ^0£  noS-fMi  Id  yal^Dv  adT  ,bt)boiQQo  oilo  sio 

UdouoD  H5iD9<9)iJ  002 id  nciid  n(stt^  Hud*  o  doidw  'r«OT^  yolo  boo  tiU  ^boo?  Jovcng 

.betavcoai  2ow  (CbS  ,«iogti9W  >9bnu  baugoioloo  ^otiedlA  I0 

eanuQ 

ttoq  maldoaHlion  adi  :etoi  .lelb  owl  ni  bnvx>1  it  1oemqoi9V9b  900b  9vim»1x3 

nov>9dotDj)2o£  dfuo2  bno  v»o8  ^norobJO  &di  k»  eriodvo®  oHi  boo  Islwodo^  adoJ  ^ 
.(f  qoM)  eoioiq  d8D\*^uo  odi  nlfiiiw  luooo  radoloq  loniM  •iiavii 
broolg  tnaoojbo  ad^  ot  no  nwold  n«^  ead  booa  anfilewool  ^idwodo^  91I0J  lA 

qooig  o  10  HH  9d1  of  no  zbnsjtx^  bnod  edX  .<bniw  yhaltow  yd  enlox/m  bfi9  boo 
angvenpti  bno  :>HodoiDq  ,rtuo  weld  moon  dojdw  niddw  ,1«o9  adt  ot  xovooo  ^eodoi 
b92©qi*nl  T9qu2  liadt  diiw  lodtagoi  ^bnoz  }o  >lodol  ,nidt  odadT  .(CS  eloM)  eonub 

•^91  nead  svod  jdoolq  nl  tud  ,29911  bnn  ^eciindi^ediotg  yd  bazilidole  won  eio  ,290ub 

,tdg4jGib  >0  zbohaq  bQ0fK>loK|  Xo  tiutoi  o  *0  betovilDo 
,ebniw  yli9t2aw''fHi>o2-l29w  yd  b^qoidvob  ,e90i/b  ionibut(gr>ol  bno  oiiodoio^ 

V>  bav'oqmcn  ato  y©dT  .twio-qom  adt  V>  lomoo  msleowdfion  odi  oi  tn929Tq  910 
oiiodoioq  ©d»  ©nio^  .snioioM  bn3  nomblO  adl  ^athovo  Hoidw  bao£  sniileoDol 
yloiam  am  tonob  lonibutignol  adt  \o  yoom  bno  gnol  olim  o  isw)  2rmo  avod  eanub 
,noj1of9g9v  yd  baellTdo^  won  910  earvub  aiodT  ©tpH)  £9ni.*b  otiodoioq  badnil 


64 


The  age  of  these  dunes  is  not  known  exactly.  They  are  certainly  postglacial 
and  may  well  have  formed  during  the  "climatic  optimum". 

Slump  Areas 

Landslides  are  common  along  many  of  the  meltwater  channels  and  postglacial 
valleys.  This  is  particularly  true  in  valleys  where  the  streams  have  cut  through  the 
drift  and  penetrated  the  Bearpaw  formation  (Christiansen,  1959,  p.  21)  or  shaly, 
bentonitic  horizons  of  other  bedrock  formations.  Landslides  of  the  rotational 
slump-type  are  the  most  numerous;  the  slump  blocks  being  topographically  expressed 
as  a  series  of  sub-parallel  ridges  flanking  the  undisturbed  valley  walls.  Examples 
occur  along  Medicine  Lodge  Coulee,  the  northern  escarpment  of  the  Cypress  Hills, 
and  along  valleys  to  the  north  and  south  of  the  Cypress  Hills  (Elkwater  Sheet). 
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CHAPTER  VI  -  PETROGRAPHY  OF  GLACIAL  DEPOSITS 

General  Statement 

Only  the  tills  and  Cypress  Hills  loess  are  considered  in  this  section. 

Textural  and  compositional  studies  have  been  made  on  the  several  till  sheets  in  the 
map-area  (Figure  32)  In  an  attempt  to  provide  physical  criteria  by  which  these  till 
sheets  may  be  differentiated  and  correlated.  Field  studies  alone  did  not  reveal  how 
the  sediment  on  the  Cypress  Hills  Plateau  originated:  only  after  the  texture  and 
mineralogy  had  been  examined  did  it  become  evident  that  this  sediment  was  a  loess. 

As  the  figures  and  tables  related  to  this  section  are  numerous,  they  are 
placed  at  the  end  of  this  chapter  in  order  to  facilitate  reading. 

Petrography  of  Tills 

The  colour,  texture,  pebble  composition,  heavy  minerals,  and  carbonate 
content  of  the  tills  were  studied. 

Colour 

The  colour  of  about  50  dry  till  samples  was  examined  using  the  rock-colour 
chart  distributed  by  the  Geological  Society  of  America  (second  edition,  1951),  The 
most  common  colour  Is  yellowish  olive  grey  (5Y  6/2),  but  light  olive  grey  (5Y  5/2  or 
5Y  5/1)  tills  are  present.  The  oxidised  tills  are  dusky  yellow  (5Y  6/3),  and  yellowish 
brown  (lOYR  5/2  or  10YR  6/3). 

Texture 

Grain  size  analysis  of  the  till  samples  was  carried  out  according  to  the 
procedure  given  by  Folk,  1961  .  The  results  are  listed  in  Table  I  and  the  range  In 
grain  size  of  the  till  samples  is  shown  in  Figure  14.  The  latter  figure  consists  of  two 
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cumulative  curves,  one  plotted  from  the  highest  values  in  Table  I,  the  other  from 
the  lowest.  The  area  bounded  by  these  curves  represents  the  range  in  grain  size  of 
the  till  samples.  It  is  clearly  seen  that  the  tills  are  ill-sorted  and  contain  an  appreci 
able  amount  of  clay. 

The  percentage  sand  (2.0  -  0.062  mm.),  silt  (0.062  -  0.002  mm.),  and 
clay  «0.002  mm.)  in  the  till  samples  were  plotted  on  a  triangular  diagram  and 
Figure  15  shows  that  most  of  the  tills  have  a  clayey  loam  to  loamy  texture.  Clay 
loam  is  the  average  texture  of  tills  overlying  the  Bearpaw  formation:  loam  is  the 
average  texture  of  tills  overlying  the  Oldman  and  Foremost  formations. 

After  studying  the  distribution  on  a  ternary  diagram  of  more  than  500 
published  till  size  analyses,  Elson  (1961)  devised  a  grain  size  classification  of  tills. 
According  to  Elson's  textural  classification,  most  of  the  tills  in  the  Foremost-Cypress 
Hills  area  have  a  clay,  silty  clay,  or  clayey  silt  texture  (Figure  16).  The  point 
representing  the  average  texture  of  tills  overlying  the  Bearpaw  formation  lies  on  the 
boundary  between  the  clay  till  and  clayey  silt  till  fields  (Figure  16),  whereas  the 
point  representing  the  average  texture  of  tills  on  the  Oldman  formation  lies  within 
the  clay  till  field.  The  latter  tills,  however,  are  coarser-grained  than  the  former, 
but  in  Elson's  classification  they  lie  within  a  finer  grain  size  field.  Hence,  the 
writer  feels  that  Elson's  clay  till  field  is  too  large  and  his  clayey  loam  field  too  small 

Elson  also  studied  the  relation  of  grain  size  distribution  to  the  dominant 
rock  types  composing  tills  (1961,  p.  12  and  Figure  5).  The  grain  size  distribution  of 
the  tills  that  overlie  the  Bearpaw,  Oldman,  and  Foremost  formations  -  largely  shale 
and  siltstone  with  some  sandy  beds  -  agree  closely  with  Elson's  distribution  for  tills 
made  up  largely  of  such  rocks  (Figure  16). 

Figure  17  shows  the  variation  in  texture  of  the  tills  with  respect  to  the 
underlying  bedrock.  Tills  on  the  Foremost  formation  are  clearly  coarser-grained  than 
those  on  the  Bearpaw  formation,  and  the  field  embracing  the  tills  on  the  Oldman 
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formation  is  placed  more  towards  the  sand  end  member  than  that  of  the  tills  on 
the  Bearpaw  formation.  This  suggests  that  the  texture  of  the  tills  is  controlled 
to  some  extent  by  the  underlying  bedrock. 

A  study  of  the  areal  variation  of  the  texture  of  tills  with  respect  to  the 
bedrock  was  made  by  plotting  the  graphic  mean  (Folk,  1961,  p.  44)  of  each  till 
sample  on  a  map  of  the  bedrock  geology  (Figure  18  and  Table  I).  The  graphic  mean 
is  the  average  of  the  16,  50,  and  84  percentiles  on  the  cumulative  curve.  The 
average  graphic  mean  of  tills  overlying  certain  bedrock  formations  is  given  below: 

tills  overlying  the  Bearpaw  formation  0.055  -  0.017  mm. 

tills  overlying  the  Oldman  formation  0.068  -  0.022  mm, 

tills  overlying  the  Foremost  formation  0.094  -  0.03  mm. 

The  large  dispersion  about  the  mean  is  due  to  the  fact  that  some  till  samples  are 
located  near  the  boundaries  of  bedrock  formations. 

If  the  difference  between  the  above  average  graphic  means  is  significant 
(that  is,  it  could  not  have  resulted  from  just  random  sampling),  then  it  suggests  that 
the  texture  of  the  tills  is  largely  determined  by  the  underlying  bedrock. 

In  order  to  test  whether  the  average  graphic  mean  of  tills  on  the  Bearpaw 
formation  is  significantly  different  from  the  average  graphic  mean  of  tills  on  the 
Oldman  formation,  we  set  up  the  Null  Hypothesis  and  assume  the  two  average  graphic 
means  come  from  the  same  population  (that  is,  we  assume  the  bedrock  does  not  determine 
the  texture  of  the  overlying  till)  and  then  attempt  to  disprove  it. 

The  Variance-Ratio  test  (Moroney,  1958,  p.  234)  shows  that  the  sample 
variances  are  sufficiently  alike  to  have  come  from  the  same  population.  The  variance 
ratio  F  is  1 .71  which  is  less  than  the  value  of  F  at  the  5%  level. 

Student's  t-test  (Moroney,  1958,  pp.  227-233)  was  used  to  test  the 
significance  of  the  difference  between  the  average  graphic  means.  Student's  t  is 
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calculated  as: 


Difference  of  Means 
Standard  Error  of  Difference 


2.29 


The  number  of  degrees  of  freedom  for  Student's  t  is  46,  Referring  the  calculated 
value  of  t  to  tables  of  Student's  t,  with  46  degrees  of  freedom,  we  find  that  the 
chance  of  getting  a  value  of  t  greater  than  2.29  is  0.013,  or  1  .3%.  This  is 
significant  and  suggests  that  the  average  graphic  mean  of  tills  overlying  the  Bearpaw 
formation  is  significantly  different  from  the  average  graphic  mean  of  tills  overlying 
the  Oldman  formation.  In  other  words,  the  texture  of  the  tills  is  largely  controlled 
by  the  underlying  bedrock. 

A  corollary  of  the  above  conclusion  is  that  the  tills  are  made  up  largely  of 
local  bedrock  material.  Figures  18  and  19  show  that  a  change  in  texture  of  the  local 
bedrock  is  almost  immediately  reflected  in  the  overlying  tills.  The  tills  behind  the 
Pakowki  End  Moraine  (Figure  32)  for  the  most  part  overlie  the  Foremost  and  Oldman 
formations.  Consequently,  they  are  coarser-grained  than  the  older  tills  to  the  east 
and  south  which  overlie  argillaceous  rocks  of  the  Bearpaw  and  Pakowki  formations. 

Pebble  composition 

Two  methods  of  collecting  pebbles  from  till  were  used:  for  the  purpose  of 
this  report  one  may  be  called  "the  field  method"  and  the  other  "the  bulk-till  method". 
The  field  method  involved  the  collection  of  about  200  pebbles  from  an  outlined  area 
of  about  4  square  feet.  All  pebbles  between  2  and  70  millimetres  in  diameter  were 
gathered,  but  clay  pebbles  were  excluded  because  their  colour  was  very  similar  to 
that  of  the  till  matrix,  making  it  very  difficult  to  get  a  representative  value.  The 
pebbles  were  identified  and  classified  in  the  office  (Table  IV), 

In  order  to  check  the  supposition  that  a  200  -  pebble  sample  collected  in 
this  way  (field  method)  was  representative  of  the  true  pebble  composition  of  the 
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till,  five  adjacent  samples  were  taken  from  the  same  till  sheet  at  one  locality 
and  subjected  to  a  chi-squared  analysis.  Chi-squared  is  given  by  the  formula: 


(O-E) 


2 


where  0  is  the  observed  frequency  and  E  is  the  expected  frequency.  Table  II  shows 
the  frequency  of  erratic  pebble  types  in  the  till  samples,  and  )(  =  8.21 .  The 

tables  (Yule  and  Kendall,  1958,  p.  665)  show  that  at  P  =  0.05,  with  8  degrees 
of  freedom,  ^  =  15.51.  As  the  obtained  value  of^  is  less  than  15.51,  we 


N.  Sample 
N:iumber 
Rock^N. 
type 

3062 

3162 

3262 

3362 

9761 

TOTALS 

Precambrian 

acidic 

rocks 

74 

57 

60 

61 

68 

320 

Precambrian 

basic 

rocks 

26 

22 

26 

27 

15 

116 

Palaeozoic 

carbonate 

rocks 

79 

91 

86 

96 

89 

441 

TOTALS 

179 

170 

172 

184 

172 

877 

TABLE  II.  Contingency  table:  Frequency  variation  of 
erratic  pebbles  in  till  samples  taken  from 
the  same  horizon  at  the  same  locality. 


conclude  that  the  variation  in  frequency  of  the  three  erratic  pebble  types  in  the 
samples  is  not  significant.  In  other  words,  the  variation  in  frequency  does  not 
exceed  that  which  one  would  expect  from  random  sampling.  Hence,  a  200-pebble 
sample  obtained  by  the  field  method  is  representative  of  the  erratic  pebble  com¬ 
position  of  the  till.  When  the  frequencies  of  the  pebbles  of  local  origin  are  considered 


96 


ytilcoo)  ano  io  taaHi  Mil  amoe  eril  moil  na>loi  aiew  lelqmw  tfwiDoJbo  avf^  ^llil 
rolumioVsfh  N(d  nsvig  ei  b©iou|M-MD  .^uylnno  baiDupi-Irfo  o  ot  bot3»[dMe  bno 


,.*!•  ■■■  I 


>> 


l3-Oj 


3 


li  »  (  •  ‘  * 


."I 


.V 


iwodt  II  aldoT  .\:3n5up»‘5^  baloaqxs  «Hl  el  3  bno  yofsoupeil  bavisjdo  odl^al  0  aisflw 
aHT  .fS.8  «  X  ^wlqmot  Mil  aHl  nl  *©qy1  »idd*q  oHona  3o  yDoaupai^  aHl 


^a^*lgab  8  Htiw  ^SC.O  =  3  1o  1»Hl  worU  .q  ^&t9\  ,llc5bna>l  bno  aluY)  taldof 
9W  noH^  8*el  *i  ^  ^mobaai^  3o 

**  ITT-  I  Ti  '  iQ,  -  ' 


2JATOT 

16\9 

s:a€£ 

1 

!:6SC 

S6fC 

S40C 

alqmo^ 

"wimjry 

/  oqyt 

0££ 

96 

fl - 

06 

A1-.  ,. 

noiTdfnr»a*<^ 

oibbo 

zdooi 

6fr 

ll 

Ks: 

69 

99 

69 

nDfidmoDa*!^ 
Dizod  ^ 
idooi 

99 

69 

68 

19 

99 

oiosoaole/^ 

atonod'ioo 

idooi 

\\B  j 

!  1 

^81 

09f 

991 

eJATOT 

noiiohov  yonaupsi^  :aldoi  yonagnl-tnoD  ,11  3J8AT 
moil  na>la<  ^oiqmix  Hit  nl  2a!ddaq  olioiia 
.ytiloool  amoj  orti  to  noxliod  smoe  sHl 


sHl  ni  «eqy1  alddaq  oiiOT'<»  aa'trH  ai4i  ^  yonaupai^  ni  noitonov  adl  lodl  abubnod 
ton  zoob  ypnaupad  nl  noi Ionov  a<il  x^biow  ladto  nl  .tnoonin^u  Ion  *«  2alqmo« 
alddaq-OOS  p  ^aonaH  .qnllqnuK  mcbnoi'  moi^  tpoqxa  bi>uow  arto  tbirlw  todt  baaoxa 
-moo  aUidaq  :>itDi')a  aril  ki  avitotnaiaicjoi  ti  bodlam  bloi3  adt  yd  barrfotdo  alqmoe 
bdiabiiooo  &10  riiQiio  io;/ot  ^  ealddaq  adt  zslonoopail  aril  nadW  ,Mlt  aril  3o  noltizqq 


70 


(Table  III),  ^  increases  to  33.57.  The  tables  show  that  at  P  =  0.05,  with 

2  2 

12  degrees  of  freedom,  ^  =  21,03.  The  obtained  value  of  ^  is  greater  than 

21 .03  and  we  conclude  that  the  difference  in  frequency  of  pebbles  of  local  origin 
is  significant.  This  means  that,  unlike  the  erratic  pebbles,  the  local  pebbles  are 


Sample 

^Xnumber 

Rock^\^^ 

type 

3062 

3162 

3262 

3362 

9761 

TOTALS 

Precambrian 

acidic 

rocks 

74 

57 

60 

61 

68 

320 

Precambrian 

basic 

rocks 

26 

22 

26 

27 

15 

116 

Palaeozoic 

carbonate 

rocks 

79 

91 

86 

96 

89 

441 

Mesozoic  and 
Cenozoic  rocks 
of  local 
derivation 

12 

19 

29 

11 

40 

111 

TOTALS 

191 

189 

201 

195 

212 

988 

TABLE  111.  Contingency  table:  Frequency  variation  of 
erratic  and  local  pebbles  in  till  samples 
taken  from  the  same  horizon  at  the  same 
local  ity. 


unevenly  distributed  throughout  the  till  -  variations  in  concentration  being  detectable 
at  one  locality. 

The  field  method  was  used  in  1961  and  part  of  1962  but  was  abandoned  in 
favour  of  the  more  objective  bulk-till  method.  In  the  latter  method  approximately 
20  lb.  of  till  was  collected.  AM  the  material  finer  than  4  millimetres  was  removed 
by  wet  sieving  in  the  laboratory  and  the  composition  of  the  40  -  16  mm.,  16-8  mm.. 
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and  8-4  mm.  size  fractions  were  recorded  (Table  V).  In  both  the  bulk-till  and 
field  methods,  each  pebble  analysis  was  recast  to  include  only  erratic  pebbles  as 
only  these  are  of  importance  in  considerations  of  regional  directions  of  ice  movement. 
The  change  in  sampling  procedure,  however,  has  hindered  the  recognition  of 
significant  changes  in  pebble  lithology  of  the  tills,  for  time  did  not  permit  bulk-till 
samples  to  be  collected  over  the  whole  area. 

The  pebbles  are  classified  into  three  main  groups:  Precambrian  rocks  from 
the  Canadian  Shield,  Palaeozoic  carbonate  rocks  from  the  rim  of  the  Canadian 
Shield,  and  Mesozoic  and  Cenozoic  rocks  of  local  origin. 

(1 )  Precambrian  rocks  from  the  Canadian  Shield 

Acidic  rocks  Igneous  and  metamorphic  rocks  of  acidic  composition  are  the 
most  abundant  rock  types  from  the  Canadian  Shield.  Granite,  granophyre,  pegmatite, 
syenite,  quartz -feldspathic  gneiss  and  metasediment,  mica  schist,  and  vein  quartz 
are  present. 

Basic  rocks  All  dark-coloured  igneous  and  metamorphic  rocks  are  grouped 
together.  Amphibolite  is  the  most  common  rock  type  in  this  class:  diorite  and  gabbro 
with  their  fine-grained  equivalents  and  greenstone  also  occur. 

Athabasca  sandstone  White,  grey,  pink,  red  or  purple  orthoquartzite, 
medium  to  coarse-grained,  and  poorly  to  moderately  cemented  by  silica  is  called 
Athabasca  sandstone.  This  rock  is  exposed  over  a  large  area  south  and  east  of  Lake 
Athabasca.  Orthoquartzite  is  not  abundant  in  the  tills  of  the  map-area  and  it  is 
likely  that  some  of  it  originally  came  from  the  Rocky  Mountains. 
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(2)  Palaeozoic  carbonate  rocks  from  the  rim  of  the  Canadian  Shield 

Buff,  cream,  sometimes  pink,  fine-grained  dense  dolomite  and  grey,  fossili- 
ferous  limestone  constitute  the  rock  types  of  this  category.  They  are  always  present 
in  conspicuous  amounts  and  rarely  form  less  than  20  per  cent  of  the  pebbles  in  the 
till,  and  occasionally  exceed  80  per  cent. 

(3)  Mesozoic  and  Cenozoic  rocks  of  local  derivation 

Quartzites  Brown  quartzite,  black  chert,  arkose,  quartzitic  sandstone 
and  conglomerate  occur  in  this  group.  Most  of  the  pebbles  are  well-rounded  and  all 
were  derived  from  gravels  that  capped  elevated  remnants  of  Tertiary  erosional 
surfaces  or  floored  preglacial  channels.  Figure  22  shows  the  variation  of  quartzite 
pebble  content  in  the  tills  with  respect  to  the  preglacial  drainage  channels. 

Others  All  rocks  in  this  class  are  derived  from  the  Upper  Cretaceous 
bedrock.  They  include  soft,  buff  sandstone,  clay  ironstone,  lignite,  petrified  wood, 
fragments  of  fossils,  and  semi-indurated  shale. 

The  results  of  the  pebble  analyses  are  listed  in  Tables  IV  and  V  and  plotted 
on  a  ternary  diagram  in  Figure  20.  The  ratio  of  Palaeozoic  carbonate  to  Precambrian 
crystalline  pebbles  was  plotted  on  a  map  as  a  test  of  the  variation  of  erratic  pebble 
composition  of  the  till  sheets.  Figure  21  suggests  that  tills  of  Pakowki  age  and 
younger  contain  less  carbonate  pebbles  than  the  older  tills  to  the  east  and  south,  with 
the  exception  of  the  till  in  the  northeastern  corner  of  the  map-area  (cf.  Horberg, 
1952,  p.  317).  However,  the  higher  percentage  of  carbonate  pebbles  recorded 
around  the  Cypress  Hills  may  in  part  be  due  to  the  sampling  technique  (field  method) 
as  is  suggested  in  Figure  20. 
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Heavy  minerals 

The  sand  fraction  between  120  -  230  mesh  was  obtained  from  50  -  100  gm, 
till  samples  by  wet  sieving  and  the  heavy  minerals  were  separated  in  tetrabromoethane 
(sp.  gr.  =  2.96).  A  representative  sample  of  the  heavy  minerals  was  obtained  using 
the  Jones'  sample  splitter.  The  grains  were  mounted  in  Aroclor  (n  =  1  .66  to  1,67) 
and  examined  under  the  microscope.  Over  three  hundred  grains  were  counted  from 
each  slide. 

A  description  of  the  heavy  minerals  is  given  below  and  the  percentage 
frequency  of  each  species  in  the  till  samples  is  shown  in  Table  VI. 

Opaques  The  opaque  minerals  are  divided  into  three  groups  based  on 
their  colour  in  reflected  light.  Magnetite  and  ilmenite  are  black  and  form  the  first 
group;  leucoxene  is  white  and  composes  the  second  group.  Hematite  and  limonite, 
which  are  reddish-brown  and  yellowish-brown  respectively,  constitute  most  of  the 
opaques  in  the  remaining  group  (designated  "Others"  in  Table  VI),  but  pyrite  is 
conspicuous  in  some  samples.  In  most  of  the  till  samples,  opaques  exceed  30  per  cent 
of  the  heavy  mineral  suite.  The  local  bedrock  is  undoubtedly  the  source  of  some 
opaque  minerals  in  the  till. 

Tourmaline  Two  types  of  tourmaline  occur.  One  variety  is  pleochroic  in 
pink  and  dark-green,  commonly  peppered  with  inclusions,  and  is  only  slightly  abraded; 
the  other  is  pleochroic  in  olive  and  very  dark  green,  is  rounded  and  commonly  contains 
secondary  overgrowths.  Most  samples  possess  only  trace  amounts  (less  than  one  per 
cent),  but  in  some,  one  per  cent  of  the  heavy  mineral  fraction  is  tourmaline. 

Zircon  The  most  common  type  of  zircon  is  the  colourless  variety,  usually 
a  prism  with  pyramid  terminations.  Rounded,  subrounded,  fractured,  and  idiomorphic 
grains  occur.  The  hyacinth  variety  is  always  well-rounded  and  sometimes  shows 
zoning  as  does  a  brown,  prismatic  variety.  Most  of  the  zircon  crystals  contain 
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rod-shaped  and  globular  inclusions.  In  tills  that  overlie  the  Oldman  formation, 
zircon  commonly  makes  up  two  per  cent  of  the  heavy  mineral  suite,  but  is  present 
only  in  trace  amounts  in  tills  that  sit  on  other  bedrock  formations  (Table  VI).  This 
suggests  a  local  source  for  at  least  some  of  the  zircons  (most  likely  the  idiomorphic, 
volcanic  zircons). 

Garnet  Most  of  the  garnet  is  colourless  to  pale  pink,  clear  and  angular; 
the  grains  being  bounded  by  conchoidal  fracture  surfaces.  Dark  brown  and  green 
garnets  are  present  but  rare.  Inclusions  of  quartz,  magnetite,  and  rutile  are  not 
uncommon.  Garnet  is  an  abundant  heavy  mineral  in  all  the  till  samples  (Table  VI). 

Epidote  Epidote  exhibits  a  distinct  pleochroism  from  colourless  to  greenish- 
yellow.  Subangular  to  subrounded  equant  grains  predominate,  but  some  elongate 
ones  are  present.  Some  grains  are  partially  altered  and  cloudy,  and  a  few  possess 
inclusions.  The  occasional  grain  of  clinozoisite  is  included  with  the  epidote,  which 
forms  more  than  5  per  cent  of  the  heavy  minerals  in  most  samples. 

Rutile  Deep  reddish-brown  to  red  rutile  occurs  in  trace  amounts. 

Sphene  Colourless,  pale  yellow,  and  brown  sphene  is  present.  The  grains 
are  equant  and  show  variable  degrees  of  roundness.  Sphene  occurs  in  small  amounts 
on  most  of  the  slides  and  seldom  exceeds  3  per  cent  of  the  heavy  mineral  suite. 

Kyanite,  Staurolite,  Andalusite,  and  Sillimanite  Only  a  few  grains 
belonging  to  this  metamorphic  mineral  assemblage  were  observed.  Andalusite  and 
staurolite  are  relatively  more  abundant  than  kyanite  and  sillimanite. 

Hornblende  The  most  common  type  of  hornblende  is  pleochroic  from  green 
to  bluish-green,  and  a  variety  pleochroic  from  green  to  brown  is  conspicuous.  The 
majority  of  the  hornblende  grains  are  fresh-looking,  prismatic  cleavage  fragments 
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that  seldom  show  any  degree  of  rounding.  Inclusions  are  sometimes  present.  The 
occasional  grain  of  actinolite  was  counted  as  hornblende,  which  is  the  second  most 
abundant  heavy  mineral  in  the  tills,  commonly  exceeding  30  per  cent  of  the  heavy 
mineral  fraction . 

pyroxenes  Pyroxenes  are  grouped  into  orthopyroxenes  and  cl inopyroxenes 
(Table  VI).  Hypersthene,  with  its  marked  pleochroism  from  bluish-green  to  red  or 
reddish-green,  and  enstatite  occur  in  the  former  group.  Augite  predominates  in 
the  cl  inopyroxene  group.  Pyroxenes  are  scarce  and  seldom  constitute  more  than 
3  per  cent  of  the  heavy  mineral  suite. 

Apatite  Apatite  occurs  as  rounded,  fractured,  and  euhedral  grains  which 
are  always  clear  and  colourless  and  sometimes  contain  rod-shaped  inclusions.  Apatite 
forms  1  to  5  per  cent  of  the  heavy  minerals  and  the  idiomorphic  forms  are  most  likely 
derived  from  the  local  Cretaceous  bedrock. 

Biotite  Brown,  brownish-red,  red,  olive,  and  green  biotite  flakes  are 
present,  with  some  containing  globular  or  rod-shaped  inclusions  surrounded  by 
pleochroic  haloes.  A  few  hexagonal  euhedral  flakes  were  observed.  The  high 
percentage  of  biotite  in  the  bedrock  samples  (Table  VI),  the  flood  of  biotite  in  some 
till  samples  (2963,  3263,  and  1863),  and  the  presence  of  euhedral  flakes,  suggest 
that  most  of  the  biotite  in  the  till  was  derived  from  the  local  Cretaceous  bedrock, 
some  of  it  being  volcanic  in  origin. 

Others  Minerals  that  were  too  altered  to  be  identified  are  included  in 
this  group,  together  with  zoisite,  monazite,  dolomite,  chlorite  and  chloritoid. 

The  ratio  of  hornblende  to  garnet  in  each  till  sample  is  given  in  Table  VI, 
and  Figure  23  shows  the  value  of  this  ratio  at  each  sample  locality.  Over  most  of  the 
map-area,  hornblende  is  more  than  twice  as  abundant  as  garnet,  but  variations  in  the 
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relative  abundance  of  these  two  minerals  show  no  noticeable  trends. 

Carbonate  content 

The  percentage  carbonate  (calcite  plus  dolomite)  in  the  matrix  of  each  till 
sample  was  determined  by  means  of  the  Chittick  gasometric  apparatus.  The  procedure 
is  given  by  Dreimanis  (1962).  All  the  till  samples  were  taken  below  the  soil  profile. 

The  results  are  given  in  Table  VII  and  Figure  24,  which  show  the  carbonate 
content  of  the  tills  to  be  quite  variable,  ranging  from  24  per  cent  to  less  than  1 
per  cent.  Comparison  of  figures  21  and  24  shows  that  a  positive  correlation  exists 
between  the  carbonate  content  of  the  till  matrix  and  the  carbonate  pebble  content  of 
the  till.  Thus,  a  relatively  large  amount  of  carbonate  is  present  in  the  matrix  of 
tills  immediately  north  of  the  Cypress  Hills:  the  same  tills  contain  relatively  large 
amounts  of  dolomite  and  limestone  pebbles.  In  the  southeastern  part  of  the  map-area, 
the  carbonate  content  of  the  till  matrix  is  variable,  high  and  low  values  being 
juxtaposed:  the  same  situation  exists  with  respect  to  the  carbonate  pebble  content. 
This  suggests  that  the  carbonate  in  the  till  matrix  is  largely  derived  from  the  comminu¬ 
tion  of  dolomite  and  limestone  pebbles.  The  Oldman  sandstone,  however,  has  a 
dolomitic  cement  (Table  VII),  so  some  of  the  carbonate  in  the  matrix  of  tills  on  this 
formation  is  of  local  origin. 

The  present  results  show  considerable  variation  within  one  till  sheet.  The 
reason  for  this  is  not  fully  understood  and  the  carbonate  content  of  the  till  matrix 
must  presently  be  regarded  of  little  use  as  a  parameter  to  differentiate  till  sheets 
in  the  map-area. 


Petrography  of  Cypress  Hills  Loess 

Heavy  mineral  studies  verified  the  loessic  origin  of  the  sediment  on  the 


Cypress  Hills  Plateau.  The  heavy  minerals  present  in  the  Cypress  Hills  loess  and  the 
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underlying  Cypress  Hills  formation  are  shown  in  Table  VIII,  The  Cypress  Hills 
formation  possesses  a  resistate  suite  of  heavy  minerals;  opaques,  tourmaline,  zircon, 
epidote,  sphene,  and  garnet  are  all  present.  Less  stable  minerals  like  hornblende 
are  absent  or  occur  as  cloudy,  dentate  grains  in  trace  amounts.  The  Cypress  Hills 
loess,  on  the  other  hand,  contains  up  to  17  per  cent  fresh  blue-green  hornblende 
as  well  as  heavy  minerals  that  are  common  to  the  Cypress  Hills  formation.  This 
hornblende  is  identical  to  that  found  in  nearby  tills,  and  as  the  Laurentian  glaciers 
did  not  overrun  the  Cypress  Hills  Plateau  in  the  map-area,  the  hornblende  could 
only  have  been  transported  to  the  plateau  by  the  wind. 

Cumulative  curves  of  the  Cypress  Hills  loess  (Figure  25)  show  the  sediment 
to  be  poorly  sorted  and  in  places  coarse-grained;  the  median  diameter  of  some  loess 
samples  is  in  the  fine  sand  fraction.  Both  these  characteristics  may  be  explained, 
at  least  in  part,  by  frost  action  churning  up  the  loess  (see  Chapter  V)  and  bringing 
up  into  it  coarse  material  from  the  underlying  Cypress  Hills  formation.  However, 
much  of  the  sand-sized  material  is  loessic  in  origin  (Figure  12)  and  points  to  strong 
winds  in  the  region  of  the  Cypress  Hills  during  the  period  of  loess  deposition. 
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Figure  14*  Range  in  grain  size  of  till  samples  from  the  Foremost~Cypress  Hills  area 
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Scitnce.  DeM^^>lent^  A'i’erto. 

Fip,ure  15*  Textural  classification  of  tills  in  the  Foremost-Cypress 
Hills  area 
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Figure  16.  Textural  classification  of  tills  according  to  Elson^  1960 
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Figure  17*  Texture  of  tills  in  the  Foremost-Cypress  Hills  the 

underlying  bedrock  identified 
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Figure  20.  Pebble  composition  of  tills  in  the  Foremost-Cypress  Hills  area 
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Figure  21,  Ratio  of  Palaeozoic  carbonate  to  Preenmbrian  crystal  line  pebbles 
in  tills  of  the  Foremost-Cypress  Hills  area 
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Fip^ure  25,  Cihnulativc  curves  of  flu.  Cypress  Hills  loess 
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Number  of  pebbles  in  sample  is  small  and  probably  not  representative  of  true  pebble  composition  of  till. 
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TABLE  VII  CARBONATE  CONTENT  OF  TILL  MATRIX 


Tills  on  Bearpaw  Formation 


Sample 

number 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

Sample 

number 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

5.5 

1.3 

3.3 

0.5 

561* 

6.5 

1.5 

7.4 

11562 

2.1 

tr 

3.0 

3.5 

0.5 

3.9 

tr 

2861 

4.0 

tr 

4.0 

1563 

2.9 

1.2 

4.0 

7.1 

2.7 

1.8 

tr 

5361 

8.2 

2.4 

10.2 

2663 

2.2 

tr 

2.0 

7.7 

1.9 

1.7 

tr 

6961 

7.2 

2.0 

9.4 

2763 

1.9 

tr 

1.8 

6.9 

1.5 

2.8 

0.6 

7361 

6.4 

1.8 

CO 

• 

00 

2863 

2.6 

0.6 

3.3 

7.9 

2.0 

1.4 

tr 

7561 

8.1 

1.8 

9.9 

2963 

0.6 

tr 

1.0 

6.1 

1.9 

2.1 

tr 

7961 

5.7 

2.2 

8.0 

3263 

1.9 

tr 

2.0 

6.0 

2.2 

2.7 

tr 

8561 

6.5 

2.2 

8.5 

3363 

3.0 

tr 

2.9 

6.2 

1.9 

1.8 

tr 

9361 

5.9 

1.7 

7.9 

3463 

2.5 

tr 

2.2 

1.4 

tr 

1.5 

tr 

1862 

1.6 

0.2 

1.6 

3563i 

tr 

tr 

0.8 

3.5 

tr 

6.1 

2.2 

2262 

3.1 

0.3 

3.5 

3563  ii 

5.1 

2.6 

8.0 

4.8 

0.5 

3.8 

1.5 

2862 

4.5 

0.1 

5.0 

3963i 

4.0 

1.0 

5.2 

3.8 

0.9 

4.1 

2.3 

10062 

4.3 

1.2 

5.1 

3963ii 
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2.6 

7.1 

4.2 

1.2 
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3.9 

1.3 
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*  Duplicate  runs  were  made  on  each  sample 
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TABLE  VII  (cont.) 


Tills  on  Oldman  Formation 


Sample 

number 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

Sample 

number 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

3.5 

0.8 

5.1 

1.3 

5362 
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0.8 

4.4 

1763 

6.1 

1.2 
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TABLE  VII  (cont.) 


Tills  on  Foremost  Formation 


Sample 

number 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

Sample 

number 

Percen  tage 
dolomite 

Percentage 

calcite 

Percentage 

total 

carbonate 

(average) 

6.2 

0.4 

5.9 
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4663  i 

7.4 

1.5 
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CHAPTER  VII  -THE  LAURENTIAN  ICE  SHEETS:  MAXIMUM  THIC  KNESS  AND 
DIRECTIONS  OF  MOVEMENT  IN  MAP-AREA 

Surface  gradient's  and  maximum  thickness  of  glaciers 

In  the  map-area  and  its  immediate  vicinity,  three  nunataks  projected  above 
the  surface  of  the  ice  sheet  at  the  time  of  the  most  extensive  Laurentian  glaciation. 

In  Alberta,  the  Cypress  Hills  formed  a  nunatak  120  square  miles  in  area  and 
approximately  300  feet  high.  The  Sweet  Grass  Hills,  just  south  of  the  International 
Border,  stood  as  great  nunataks  2000  feet  above  the  ice  (Calhoun,  1906),  and  the 
Del  Bonita  Upland,  west  of  the  map-area  (township  1,  ranges  21  and  22),  formed  the 
other  nunatak  (Stalker,  G.S.C.  map  41-1962), 

The  maximum  elevation  of  erratics  on  these  uplands  corresponds  approximately 
to  the  maximum  altitude  of  the  surface  of  the  ice  sheet  at  the  time  of  the  most 
extensive  Laurentian  glaciation.  The  northern  slopes  of  the  Cypress  Hills  were 
glaciated  up  to  a  height  of  4500  feet  above  sea  level.  The  highest  glacial  drift  that 
was  observed  lies  in  section  29,  township  8,  range  1,  where  8  feet  of  glacial  gravel 
sits  on  the  Cypress  Hills  formation.  The  southern  slopes  were  not  glaciated  above 
4050  feet  (Elkwater  Sheet),  According  to  Alden  (1932),  at  the  western  end  of  the 
Sweet  Grass  Hills,  glacial  drift  occurs  4800  feet  above  sea  level  but  does  not  occur 
above  4350  feet  at  the  eastern  end  of  the  hills.  Farther  to  the  west,  on  the  Del 
Bonita  Upland,  erratics  are  present  up  to  4550  feet  above  sea  level  (Stalker,  1963, 
personal  communication).  Thus,  during  the  most  extensive  Laurentian  glaciation, 
the  regional  slope  of  the  glacier's  surface  from  the  Cypress  Hills  southward  to  the 
eastern  end  of  the  Sweet  Grass  Hills  was  to  the  south  at  about  3  feet  per  mile.  Between 
the  Cypress  Hills  and  the  Del  Bonita  Upland,  the  glacier's  surface  must  have  been 
almost  horizontal.  Locally,  around  the  Cypress  Hills,  the  surface  gradient  of  the 
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glacier  steepened  to  about  45  feet  per  mile  (that  is,  about  1/2°  slope).  The  Highwood 
Mountains  of  Montana,  100  miles  south  of  the  map-area,  were  glaciated  up  to  4200 
feet  (Calhoun,  1906),  and  indicate  that  small  surface  gradients  of  the  glacier  per¬ 
sisted  south  of  the  map-area.  The  occurrence  of  glacial  drift  4800  feet  above  sea 
level  at  the  western  end  of  the  Sweet  Grass  Hills  (Alden,  1932)  does  not  fit  in  with 
the  maximum  elevations  of  erratics  in  adjacent  areas  and  in  the  above  discussion 
this  observation  has  been  ignored. 

Over  most  of  the  map-area,  therefore,  the  maximum  altitude  reached  by 
the  continental  glaciers  was  about  4500  feet,  decreasing  to  about  4300  feet  in  the 
southeast.  At  this  time,  the  ice  was  2300  feet  thick  at  Medicine  Hat,  about  1500 
feet  thick  at  Foremost  and  Manyberries,  and  approximately  1000  feet  thick  at 
Aden  (Map  1 ), 

Directions  of  ice  movement  in  map-area 

Glacial  lineaments,  petrofabric  analysis  of  till,  sole  marks  on  till  sheets, 
streamlined  land  forms  and  indicators  have  all  been  used  to  determine  the  directions 
of  ice  movement  in  the  map-area. 

Glacial  lineaments  are  best  developed  in  the  western  half  of  the  Foremost- 
Cypress  Hills  area,  where,  for  the  most  part,  the  relief  is  small.  They  are  rare  in 
the  dissected  Cypress  Hills  Upland  (Map  1).  The  common  alignment  of  glacial  linea¬ 
ments  parallel  to  ice-marginal  channels  and  perpendicular  to  flutings  shows  that  the 
dominant  lineament  trend  parallels  former  positions  of  the  ice  front.  The  glacial 
lineaments  and  end  moraines  on  Map  1  clearly  show  the  influence  of  local  topography 
on  the  directions  of  ice  movement  and  configuration  of  the  ice  front.  Thus,  in  the 
western  part  of  the  map-area,  the  glaciers  moved  southward,  but  farther  east  they  were 
forced  to  flow  southeastwards  along  the  stretch  of  low  land  between  the  Cypress  Hills 
and  Sweet  Grass  Hills.  This  southeasterly  movement  is  well  recorded  by  flutings, 
drumlins,  drumlinoid  ridges,  and,  in  township  5,  range  2,  by  numerous  blocks  of 
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Cypress  Hills  conglomerate  (Plate  27D)  that  could  only  have  come  from  the  north- 
northwest  (Map  10), 

Where  glacial  lineaments  are  not  well  developed,  as  in  the  vicinity  of 
the  Cypress  Hills,  till  fabric  studies  were  conducted  to  find  out  the  local  directions 
of  ice  movement.  It  has  long  been  known  that  stones  in  till  have  a  preferred 
orientation  (Miller,  1884),  Richter  (1932),  however,  was  the  first  person  to 
realise  that  stones  in  till  tend  to  have  their  long  axes  aligned  parallel  to  the 
ditection  of  ice  movement.  He  came  to  this  conclusion  after  observing  striations 
on  elongate  tillstones  parallel  to  the  long  axes  of  these  stones  (Plate  26).  Hence, 
if  the  long-axis  orientation  of  a  number  of  stones  in  till  at  a  certain  locality  is 
plotted  on  a  rose  diagram,  the  preferred  orientation  obtained  is  parallel  to  the 
direction  of  ice  movement  at  that  spot. 

Oriented  till  blocks  were  collected  in  the  field  and  the  azimuth  of  the 
long  axis  of  each  stone  was  measured  in  the  laboratory  with  a  contact  goniometer. 
Figure  26  suggests  that  50  measurements  will  give  the  preferred  orientation  of  the 
stones.  One  hundred  measurements  were  made  on  each  sample  that  was  studied  in 
the  laboratory,  but  when  measurements  were  made  directly  in  the  field,  using  a 
Brunton,  they  were  limited  to  50.  The  results  are  shown  in  Figure  27  and  Map  1  . 

Most  of  the  rose  diagrams  display  a  distinct  preferred  orientation  of  the  long  axes 
of  the  tillstones.  The  stones  in  till  3963(ii),  however,  have  no  preferred  orientation. 
At  several  localities,  glacial  lineaments  are  aligned  perpendicular  to  the  long-axis 
orientation  of  the  tillstones  (Figure  27),  This  confirms  the  latter  orientation  as  being 
parallel  to  the  direction  of  ice  movement,  for  most  glacial  lineaments  parallel  former 
positions  of  the  ice  front. 

Petrofabric  analysis  of  a  till  southwest  of  the  Cypress  Hills  (561)  indicates 
ice  movement  towards  the  southeast,  agreeing  with  the  direction  given  by  other  data 
in  this  area  (see  above).  Generally  speaking,  north  of  the  Cypress  Hills,  the  glacier 
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Radial  scale:  1  inch  =  4  counts 
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Figure  26,  Variation  of  the  estimated  preferred  long-'a:<is  orientation  of 
stones  in  a  till  sample  as  the  number  of  measurements  are 
increased 
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Fip^urc  27*  KofiO  dl.'i.gr/ims  showing  long-nxir.  orientation  of  stones  in  tills  (see  next  page  for  explanation) 
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that  deposited  the  PakowkI  End  Moraine  (Figure  32)  flowed  to  the  south,  deviations 
from  this  direction  being  caused  by  the  local  topography  (7361,  7761,  and  9761),  while 
later,  less  extensive  glaciers  moved  Into  the  map-area  from  the  northwest  (4063). 

At  one  locality  (section  1,  township  12,  range  11),  Ice  movement  towards 
the  southeast  Is  Indicated  by  sole  marks  on  the  bottom  of  the  surface  till  sheet  (Plate 
27B;  Map  1).  Glacial  lineaments  in  the  area  agree  with  this  direction  of  Ice 
movement  and  show  that  It  was  localised  at  the  southeastern  end  of  a  small  Ice  lobe 
which  extended  into  the  northwestern  corner  of  the  map-area.  The  sole  marks, 
composed  entirely  of  till,  consist  of  parallel  ridges  on  the  bottom  of  the  till  sheet. 

They  were  formed  when  the  glacier  overran  and  deformed  the  underlying  frozen  sands 
(Plate  27A),  At  this  time,  the  surface  of  the  sand  was  furrowed  by  the  scratching 
action  of  rock  fragments  at  the  base  of  the  glacier,  and,  as  the  glacier  continued  to 
move,  till  was  smeared  Into  these  linear  furrows. 

Where  sand  inclusions  exist  in  till,  a  lineatlon  may  be  present  at  the 
tlll-sand  contact.  In  sample  561  (Figure  27  and  Plate  27C)  this  lineatlon  Is  parallel 
to  the  long-axis  orientation  of  the  tlllstones,  and  hence  Is  parallel  to  the  direction  of 
Ice  movement. 


Figure  27. 

Rose  diagrams  showing  long-axis  orientation  of  stones  In  tills 
Top  row:  100  counts  were  made  on  each  sample.  Rose  diagrams  have  5° 

cells  with  a  radial  scale  of  1  Inch  equals  4  counts. 

Bottom  row:  Measurements  taken  In  the  field;  50  counts  at  each  locality. 

Rose  diagrams  have  10°  cells  with  a  radial  scale  of  1  Inch  equals 
4  counts,  except  3963(1)  which  has  1  Inch  equals  8  counts. 

Measurements  from  surface  till,  except  In  3763  and  3963(1). 

Dotted  line  (561)  marks  orientation  of  lineatlon  on  bottom  of  till  block  (Plafe  27C). 
Dashed  line  Indicates  orientation  of  glacial  lineaments  near  sample  locality. 
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Regional  directions  of  Ice  movement 

Dolomite-  and  limestone-rich  tills  exist  In  the  map-area  (Figure  21  and 
Tables  IV  and  V)  but  are  absent  In  central  and  eastern  Alberta.  This  observation 
prompted  an  enquiry  by  the  writer  Into  the  significance  of  the  change  in  erratic 
pebble  composition  of  the  tills  in  Alberta  with  respect  to  the  regional  directions  of 
ice  movement  in  the  Western  Prairies.  Data  on  the  pebble  composition  of  tills  in 
eastern  Alberta  were  obtained  from  the  Soil  Survey  Division,  Research  Council  of 
Alberta.  Unfortunately,  no  such  Information  was  available  from  Saskatchewan 
(Kupsch,  1964,  personal  communication). 

The  erratic  pebble  composition  of  tills  together  with  other  relevant  data 
on  Ice-movement  directions  are  shown  In  Figure  28,  out  of  which  arise  several 
Important  facts. 

Ice-flow  markings  indicate  a  southerly  flow  of  Ice,  parallel  to  the  Rocky 
Mountain  Front,  in  central  and  southwestern  Alberta  at  the  time  of  the  last  major 
glacial  advance  (Stalker  and  Craig,  1956).  The  erratic  pebble  content  of  the  surface 
tills  In  eastern  Alberta,  however,  cannot  be  explained  by  movement  In  this  direction. 
From  the  Cold  Lake  area  south  to  Medicine  Hat,  there  Is  a  dilution  of  orthoquartzite, 
accompanied  by  an  Increase  in  dolomite  and  limestone.  A  sudden  and  striking 
Increase  in  carbonate  pebbles  occurs  near  Medicine  Hat.  A  large  area  of  ortho- 
quartzite  (Athabasca  sandstone)  exists  south  of  Lake  Athabasca,  and  extensive 
outcrops  of  Palaeozoic  carbonate  rock  occur  southeast  of  Lac  la  Ronge  (Figure  28). 
Thus,  the  changes  In  erratic  pebble  composition  of  the  surface  tills  in  eastern  Alberta 
are  best  explained  by  ice  moving  into  this  region  from  the  northeast.  The  carbonate- 
rich  tills  at  Medicine  Hat  and  around  the  Cypress  Hills  were  most  probably  deposited 
from  Ice  that  crossed  the  wide  belt  of  Palaeozoic  rocks  just  southeast  of  Lac  la  Ronge. 
This  means  that  the  last  major  Laurentlan  glacier  advanced  into  Alberta  flowing  In 
a  general  direction  S.  35°-40°  W.  This  agrees  with  the  ideas  expressed  in  the  early 
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literature  and  with  Gravenor  and  Bayrock  (1955),  but  argues  against  a  southeasterly 
direction  of  movement  across  eastern  Alberta  and  central  Saskatchewan  that  was 
proposed  by  Stalker  and  Craig  (1956).  The  tills  in  northeastern  Montana  and 
northwestern  North  Dakota  contain  even  more  carbonate  pebbles  than  those  in 
southeastern  Alberta,  again  indicating  an  overall  advance  of  the  last  glacier  from 
the  northeast  (Lemke,  1960,  p.  Ill;  Howard,  1960,  p.  41). 

In  some  areas,  the  topography  exerted  a  considerable  influence  on  the 
directions  of  ice  movement.  The  southerly  movement  of  ice  parallel  to  the  Rocky 
Mountain  Front  in  western  Alberta  is  one  example.  The  Tertiary  uplands  of  southern 
Saskatchewan  and  southeastern  Alberta  prevented  the  southwestward  movement  of  a 
large  volume  of  ice  into  Montana,  which  resulted  in  the  strong  southeasterly  sweep 
of  the  glaciers  at  the  western  end  of  these  Tertiary  uplands  and  a  corresponding 
southwesterly  sweep  at  the  eastern  end  (Figure  28).  This  is  the  reason  for  the 
relatively  low  unglaciated  area  of  Wood  Mountain  (Wickenden,  1931,  p.  47). 
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CHAPTER  VIII  -  PLEISTOCENE  STRATIGRAPHY 

Historical  Review 

The  Pleistocene  deposits  of  southern  Alberta  and  adjacent  parts  of 
Saskatchewan  and  Montana  have  been  studied  by  several  workers  since  the  late 
19th  Century.  Their  respective  stratigraphical  ideas  are  summarised  below  in 
chronological  order.  Some  of  the  time-stratigraphical  terms  used  in  the  older 
reports  are  no  longer  In  use  or  have  changed  their  meaning:  where  such  terms  are 
mentioned  the  modern  equivalent  Is  inserted  In  parentheses.  The  stratigraphical 
column  of  the  Pleistocene  Series  in  central  North  America  Is  given  in  Figure  29. 

Dawson  and  McConnell,  working  mainly  in  southwestern  Alberta,  dis¬ 
tinguished  four  major  stratigraphical  units  (Dawson,  1885,  1890,  1891,  1895; 

Dawson  and  McConnell,  1895).  The  lowermost  one  Is  a  Cordllleran  till  sheet  that 
grades  eastwards  Into  outwash  gravels,  named  "Saskatchewan  gravels"  by  Dawson. 

This  Is  the  Albertan  (Nebraskan)  drift  of  Dawson  and  McConnell.  A  Laurentlan 
till  sheet  ("lower  boulder  clay"),  of  Kansan  age,  overlies  the  Albertan  drift  and 
is  Itself  capped  by  lignite-bearing  interglacial  beds  of  Yarmouth  age.  The  upper¬ 
most  unit  is  another  Laurentlan  till  sheet  ("upper  boulder  clay"),  more  widespread 
than  the  lower  till,  and  of  Iowan  (Lower  or  preclassical  Wisconsin)  age.  Dawson 
and  McConnell  believed  Wisconsin  (classical  Wisconsin)  drift  to  be  absent  west  of 
the  Missouri  Coteau. 

Calhoun's  (1906)  stratigraphical  Interpretation  was  very  different.  He 
studied  the  Pleistocene  deposits  of  northern  Montana  and  concluded  that  the  quartzite 
gravels  (equivalent  to  Dawson's  "Saskatchewan  gravels"),  were  deposited  by  streams 
In  "pre-Glacial "  time.  They  were  not  glacial  gravels  but  represented  deposits 
reworked  from  Tertiary  gravels  occurring  at  higher  elevations.  The  fresh  morainal 
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Figure  29.  Stratigraphic  column  of  the  Pleistocene  Series  in  Central  North 
America 
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fopography  of  the  surface  Laurentian  drift,  the  amount  of  postglacial  erosion  and 
degree  of  weathering  led  Calhoun  to  believe  that  this  till  sheet  was  of  late  Wisconsin 
(late  classical  Wisconsin)  age.  He  found  meagre  evidence  of  an  older  Laurentian 
drift  and  also  recognised  a  pre-Wisconsin  Cordilleran  drift. 

Johnston  and  Wickenden  (1931)  recognised  the  same  stratigraphical  units 
in  southern  Alberta  as  Dawson  and  McConnell  —  namely  the  "quartzite  river  gravels," 
two  tills  of  the  northeastern  ice  sheet  and  one  set  of  interglacial  deposits.  They 
assigned  a  Kansan  age  to  the  lower,  more  extensive  till  and  thought  the  upper  till 
to  be  of  early  Wisconsin  (classical  Wisconsin)  or  lllinoian  age.  The  interglacial  beds 
represented  the  time  interval  between  these  two  till  sheets. 

According  to  Alden  (1932),  the  oldest  till  sheet  in  Montana  was  deposited 
on  the  Flaxville  Plain  and  No.  2  Bench  (see  Chapter  III)  by  glaciers  from  the  Rocky 
Mountains  in  early  Pleistocene  time.  Alden  recognised  equivalents  of  Dawson's 
"Saskatchewan  gravels"  in  Montana,  and  believed  them  to  be  pre-lowan 
(pre-Wisconsin)  or  pre-ll  linoian  in  age,  possibly  representing  either  the  Sangamon 
or  Yarmouth  Stage.  He  thought  that  this  gravel  was  either  derived  directly  from  the 
mountains  to  the  west  or  that  it  was  let  down  by  erosion  from  older  deposits  on  the 
higher  levels  of  the  plains  and  redeposited  by  streams.  Alden's  comments  on  the  age 
of  the  lower  till  of  the  northeastern  ice  sheet  are  as  follows  (Alden,  1932,  p.  69): 

"There  seems  to  be  no  clear  evidence  that  the  Keewatin  ice  sheet  invaded 
Montana  at  either  the  Nebraskan  or  the  Kansan  stage  of  glaciation.  Neither  is  it 
certainly  known  that  there  was  extensive  development  of  the  Keewatin  glacier  at  the 
lllinoian  stage,  when  the  Labradorean  ice  sheet  extended  southwestward  over  most 
of  Illinois  and  encroached  on  southeastern  Iowa.  After  the  Sangamon  stage  of  de¬ 
glaciation,  however,  there  came  on  a  new  development  and  extension  of  the  great 
Keewatin  ice  sheet  centering  in  the  Hudson  Bay  region.  The  ice  spread  southward 
across  Minnesota  into  northern  Iowa  and  left  a  deposit  of  drift  of  moderate  thickness, 
which  has  been  regarded  as  of  pre-Wisconsin  age  but  not  so  old  as  the  lllinoian 
drift  of  the  Labradorean  ice  sheet.  There  are  some  good  reasons,  as  it  seems  to 
the  writer,  for  thinking  that  the  drift  found  in  the  Dakotas  and  in  Montana,  outside 
what  is  regarded  as  the  limit  of  the  Wisconsin  drift,  is  not  older  than  the  Iowan  drift. 

It  is  possible,  however,  that  it  is  really  of  lllinoian  age." 
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Following  on  interval  during  which  a  moderate  amount  of  erosion  of  the 
lllinoian  or  Iowan  (Lower  or  preclassical  Wisconsin)  drift  was  accomplished,  the 
upper  till  of  the  northeastern  ice  sheet  was  deposited  in  early  or  middle  Wisconsin 
(classical  Wisconsin)  time.  In  the  western  part  of  Montana  these  Laurentian  tills 
are  interbedded  with  Cordilleran  tills. 

Horberg  (1952)  identified  three  Laurentian  drift  sheets  in  the  Lethbridge 
region  of  southern  Alberta  and  tentatively  correlated  them  with  the  Iowan  (Lower 
or  preclassical  Wisconsin),  Tazewell  and  Cary  Substages  of  the  Wisconsin  Stage 
(Figure  29).  He  considered  the  "interglacial"  beds  of  previous  writers,  which  he 
called  "Lenzie  silt",  to  be  proglacial  lake  beds  deposited  in  front  of  the  retreating 
Tazewell  or  Cary  ice  sheet  and  suggested  that  the  lignite  and  peaty  material  re¬ 
ported  from  this  horizon  by  Dawson  (1885,  p,  152c)  and  Johnston  and  Wickenden 
(1931,  pp.  32-33)  was  not  primary,  Horberg  believed  the  "Saskatchewan  gravels" 
to  be  nonglacial  in  origin  and  probably  of  late  Tertiary  age. 

Recent  work  on  the  stratigraphy  of  the  Pleistocene  deposits  in  southwestern 
Alberta  has  been  done  by  Stalker  (1963b),  In  short,  he  assigns  an  early  Pleistocene 
age  to  the  "Saskatchewan  gravel  and  sand",  recognises  Laurentian  and  Cordilleran 
tills  of  Nebraskan(?),  Kansan(?),  1 1 1  inoian(?),  and  Wisconsin  age,  and  suggests 
that  the  wood-bearing  interglacial  beds  first  described  by  Dawson  (1885),  are 
Yarmouthian  (Stalker,  1963b,  p.7).  Stalker  noted  that  large  bedrock  masses  were 
present  beneath  the  latter  horizon. 

Divergent  stratigraphical  interpretations  of  the  Pleistocene  deposits  of 
southern  Alberta  and  adjacent  areas  exist,  therefore,  but  it  is  of  interest  to  note 
that  the  geologists  of  the  United  States  (Calhoun,  Alden,  and  Horberg)  regarded 
the  Laurentian  tills  as  Wisconsin  or  lllinoian(?)  in  age  whereas  the  Canadian 
geologists  believed  most  of  these  tills  to  be  considerably  older. 
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Stratigraphy  of  the  Pleistocene  deposits  in  the  Foremost-Cypress  Hills  area 

The  stratigraphical  column  of  the  Pleistocene  deposits  in  the  Foremost- 
Cypress  Hills  area  is  shown  on  Figure  30.  The  Saskatchewan  gravels  and  sands 
and  overlying  proglacial  lacustrine  sediments,  Manyberries  volcanic  ash,  and 
Cypress  Hills  loess  are  all  rock-stratigraphical  units.  The  drifts  (described  below), 
however,  are  not  rock-stratigraphical  units  as  defined  by  the  American  Commission 
on  Stratigraphic  Nomenclature  (1961,  Art.  4)  because  they  have  been  differentiated 
by  their  topographical  form,  geographical  position,  and  inferred  geological  history. 
They  are  morphostratigraphic  units,  defined  by  Frye  and  Willman  (1960,  p.  7)  as: 

" .  a  body  of  rock  that  is  identified  primarily  from  the  surface  form  it  displays; 

it  may  or  may  not  be  distinctive  lithologically  from  contiguous  units;  it  may  or  may 
not  transgress  time  throughout  its  extent."  Frye  and  Willman  (1962,  pp.  112-113) 
took  the  moraine  as  the  basic  unit  "and  the  deposits  assigned  to  it  include  those 
of  the  end  moraine  that  gives  it  identity,  the  associated  outwash  apron,  if  one 
exists,  and  the  drift  continuing  into  the  associated  ground  moraine."  Clayton 
(1962,  p.  53)  considered  the  basic  unit  a  drift  rather  than  a  moraine,  and  defined  a 
morphostratigraphic  unit  as  "a  body  of  drift  that  is  identified  by  its  surface  form  and 
position  and  consists  of  all  the  drift  deposited  from  the  glacial  ice  and  associated 
meltwater  of  a  significant  glacial  advance.  " 

Saskatchewan  gravels  and  sands 

The  Saskatchewan  gravels  and  sands  were  first  recognised  by  McConnell 
(1885)  who  called  them  "South  Saskatchewan  gravels"  and  they  were  subsequently 
noted  in  various  parts  of  the  plains  of  western  Canada  by  Tyrrell  (1886),  Dawson 
(1895)  and  Coleman  (1909)  and  in  Montana  by  Calhoun  (1906),  Alden  and  Stebinger 
(1913),  and  Alden  (1932).  Rutherford  (1937)  studied  these  sediments  in  central 
Alberta  and  used  the  term  "Saskatchewan  gravels  and  sands"  as  he  found  that  sand 
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was  commonly  the  dominant  constituent.  This  designation  will  be  used  in  the 
present  report. 

In  the  map-area,  the  Saskatchewan  gravels  and  sands  lie  unconformably 
upon  Upper  Cretaceous  rocks  and  are  invariably  covered  by  glacial  drift.  They  floor 
preglacial  valleys  and  outcrops  occur  along  the  Oldman  River  Valley  and  the  South 
Saskatchewan  River  Valley  below  Medicine  Hat  (see  Appendix  C  for  description  of 
sections).  These  gravels  and  sands  undoubtedly  occur  in  the  Ancestral  Milk  River 
Valley  but  are  covered  by  200  feet  of  glacial  drift. 

Quartzite  (including  quartzitic  sandstone  and  conglomerate),  argillite, 
arkose,  and  chert  pebbles  make  up  the  bulk  of  the  Saskatchewan  gravels  and  sands 
(Figure  31),  but  limestone,  and  volcanic  rocks  do  occur  together  with  bedrock  frag¬ 
ments  of  local  derivation.  The  absence  of  material  from  the  Canadian  Shield  is 
notable.  Most  of  the  quartzite  pebbles  are  red  or  brown  and  many  are  stained  by 
ferric  oxide,  giving  an  overall  reddish-brown  colour  to  the  sediment.  The  source 
region  of  these  gravels  is  the  Cordilleran  area  to  the  west  (Dawson,  1895;  Calhoun, 
1906;  Alden,  1932;  Horberg,  1952),  although  significant  contributions  most  probably 
came  from  the  gravel-capped  elevated  remnants  of  Tertiary  peneplains  (McConnell, 

1 885;  Calhoun,  1906;  Alden,  1932;  Rutherford,  1937). 

Structures  produced  by  frost  action  were  observed  in  the  Saskatchewan 
gravels  and  sands  that  are  exposed  along  the  Oldman  River  Valley.  Involutions 
occur  at  Lsd.  12  S.20  Tp,  11  R.  14  and  deranged  pebbles  at  Lsd,6  S.23  Tp.  11  R.  15 
(Plate  28,  A  and  B).  In  places  these  structures  are  overlain  by  undisturbed  Saskat¬ 
chewan  gravels  and  sands  (Plate  28,  B),  suggesting  that  at  least  the  uppermost  hori¬ 
zons  of  this  deposit  accumulated  in  a  periglacial  environment.  Similar  structures 
have  been  observed  by  Westgate  and  Bayrock  (in  press)  in  the  Saskatchewan  gravels 
and  sands  of  central  Alberta.  They  likewise  conclude  that  the  uppermost  horizons 
were  deposited  in  a  periglacial  environment. 
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Figure  31,  Pebble  composition  of  Saskatchewan  gravels  and  sands 


a«  Oldman  River  Valley  (Lsd»  6^  S*,  23,>  Tp*  11^  15j,  4): 

"Quartzite”  category  includes  black  chert;  879  pebbles  counted* 

b.  South  Saskatchewan  Valley  (Lsd*  4^>  S.  17^.  Tp„  13,  R*  5»  W*  4): 
"Others"  include  arkose  and  volcanic  porphyry;  202  pebbles 
counted* 
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Decidedly  divergent  views  have  been  expressed  on  the  age  of  the 
Saskatchewan  gravels  and  sands  and  on  the  nature  of  the  climate  that  existed  at 
this  time  (see  above).  The  presence  of  frost  action  (periglacial)  structures,  however, 
indicates  a  Pleistocene  age.  The  occurrence  of  remains  of  Mammuthus  primigenius 
(woolly  mammoth)  in  these  gravels  points  to  the  same  (see  Appendix  C)  and  supports 
the  contention  that  at  least  the  upper  part  of  the  Saskatchewan  gravels  and  sands 
accumulated  in  a  periglacial  environment,  A  radiocarbon  date  of  29,200  -  ^qq 
years  B.  P.  (GX-0102)^  was  obtained  on  partially  carbonised  wood  from  the  upper 
part  of  the  Saskatchewan  gravels  and  sands  that  are  exposed  along  the  South  Saskat¬ 
chewan  Valley  at  NE  1/4  S, 9  Tp.  13  R. 5,  just  north  of  Medicine  Hat,  At  this 
locality,  sand  is  the  dominant  constituent  of  the  Saskatchewan  gravels  and  sands, 
which  are  overlain  by  40  feet  of  silts  and  sands  (capped  by  a  thin  clay  bed)  that  were 
deposited  in  a  proglacial  lake  which  formed  along  the  Ancestral  Milk  River  Valley 
as  a  result  of  damming  downstream  by  glacier  ice.  Three  feet  of  till  and  a  thin 
glacial  gravel  bed  sit  on  these  lacustrine  deposits  and  are  covered  by  40  feet  of 
similar  lacustrine  silts.  These  in  turn  are  overlain  by  20  feet  of  greyish-brown 
massive  till.  If  this  radiocarbon  date  is  accepted,  the  upper  part  of  the  Saskatchewan 
gravels  and  sands  is  of  Middle  Wisconsin  age,  in  the  chronology  of  Dreimanis  (1960), 
and  as  these  sediments  are  preglacial,  it  follows  that  the  first  Laurentian  glacier  did 
not  enter  southern  Alberta  until  Middle  Wisconsin  time.  In  other  words,  in  south¬ 
eastern  Alberta,  the  time  interval  in  which  these  non-glacial  gravels  were  deposited  -- 

^  "The  sample  was  treated  with  hot  dilute  HCI  and  hot  dilute  NaOH  to  remove 
carbonate  and  alkali-soluble  material  prior  to  analysis.  The  large  error  is 
primarily  due  to  the  sample  size  which  should  have  been  larger  for  such  old 
material."  (Geochron  Laboratories) 
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those  that  floor  the  pregloclal  valleys  and  cover  their  alluvial  terraces-“represents 
most  of  the  Pleistocene  Epoch, 

Sediments  deposited  in  proglacial  lakes  that  formed  along  preglacial  valleys  and 
their  tributaries  prior  to  glaciation 

As  the  first  Laurentian  glacier  advanced  towards  the  map-area  it  blocked 
the  outlets  of  rivers  that  drained  into  the  Hudson  Bay  (Figure  7),  This  resulted  in 
the  ponding  back  of  waters  along  the  preglacial  valleys  and  their  tributaries, 
forming  elongate  proglacial  lakes.  Sands,  silts,  and  clays  were  deposited  in  these 
lakes.  They  conformably  overlie  the  Saskatchewan  gravels  and  sands  in  the  main 
valleys  but  along  the  tributary  valleys  usually  sit  directly  on  bedrock  (e.g,  Bullshead 
Creek  section  -  Appendix  C),  Along  the  Oldman  River  Valley,  near  Wolf  Island, 
these  lacustrine  sediments  are  20  feet  thick,  but  at  other  places  along  this  valley 
they  have  been  completely  eroded  away,  McConnell  (1885,  p.  71c)  gives  a  thickness 
of  150  feet  of  fine  sand  and  silt  above  the  Saskatchewan  gravels  and  sands  near  to 
where  the  South  Saskatchewan  River  enters  the  Red  Deer  River,  In  the  map-area, 
the  upper  part  of  these  sediments,  which  are  commonly  varved,  was  deformed  by  the 
overriding  glacier  (Plate  28, C),  As  these  sands,  silts,  and  clays  conformably  overlie 
the  Saskatchewan  gravels  and  sands — there  being  no  evidence  of  a  prolonged  break 
in  sedimentation — the  radiocarbon  date  on  the  upper  horizon  of  the  Saskatchewan 
gravels  and  sands  (see  above)  gives  the  approximate  maximum  age  of  these  lacustrine 
deposits.  Too  much  confidence  cannot  be  placed  in  this  one  date,  however;  more 
dates  from  this  horizon  are  forthcoming  and  we  must  await  these  before  definitive 
statements  can  be  made. 

Glacial  deposits 

Five  surface  drift  sheets  (morphostratigraphic  units)  have  been  identified 
in  the  Foremost-Cypress  Hills  area,  AN  were  deposited  by  Laurentian  ice.  Their 
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respective  end  moraines  are  shown  on  Figure  32,  each  representing  a  significant 
glacial  advance.  They  are,  in  order  of  decreasing  age,  the  pre-Wild  Horse  drift. 

Wild  Horse  drift,  Pakowki  drift,  Etzikom  drift,  and  Oldman  drift.  The  fresh-looking 
morainal  topography,  absence  of  severely  weathered  horizons,  and  the  radiocarbon 
date  on  the  upper  part  of  the  Saskatchewan  gravels  and  sands  suggest  that  all  these 
surface  drifts  belong  to  the  Wisconsin  Stage  (Figure  30).  As  yet  radiocarbon  dates 
are  too  few  to  allow  these  several  drift  sheets  to  be  assigned  to  a  particular 
Wisconsin  substage. 

Pre-Wild  Horse  drift  In  the  map-area,  the  pre-Wild  Horse  drift  is  confined 
to  the  Cypress  Hills  and  its  immediate  vicinity  (figures  28  and  32).  It  is  thin  and 
consists  of  sporadic  patches  of  glacial  gravel  and  till  on  the  slopes  of  the  Cypress 
Hills  together  with  erratics,  including  a  pinkish  dolomite.  The  Cypress  Hills  loess 
belongs  to  this  drift  sheet  (Figure  30), 

This  is  the  oldest  surface  drift  sheet  in  the  map-area,  but  the  persistence 
of  carbonate  erratics  at  the  surface  suggests  that  it  belongs  to  the  Wisconsin  Stage 
(that  is,  it  never  experienced  an  interglacial).  The  relationship  of  the  end  moraines 
in  the  map-area  to  those  in  Montana  (Figure  28)  shows  that  the  pre-Wild  Horse  drift 
correlates  with  the  southernmost  drift  sheet  in  Montana  which  was  regarded  as  "Iowan" 
by  Alden  (1932)  and  Horberg  (1952).  Whether  older  less  extensive  drifts  occur 
beneath  the  pre-Wild  Horse  drift  in  the  Foremost-Cypress  Hills  area  is  not  known. 
Stalker  (1963b)  has  identified  two  tills  greater  than  37,000  years  old  (L433,  L455) 
near  Lethbridge,  just  west  of  the  map-area.  This  date,  however,  conflicts  with  the 
radiocarbon  date  on  the  Saskatchewan  gravels  and  sands  (GX-0102).  Clarification 
on  this  point  will  be  achieved  as  more  radiocarbon  dates  become  available. 

Wild  Horse  drift  Wild  Horse  drift  drapes  the  greater  part  of  the  Cypress 
Hills  Upland,  the  Sweet  Grass  Hills  Upland,  and  covers  the  southeastern  corner  of 
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VJnvi'c  32  <,  End  moralnrs  of  the  Fore-mo  fit- Cypress  Hills  area 
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the  map-area  (figures  28  and  32).  It  lies,  for  the  most  part,  on  the  Bearpaw, 
Oldman,  and  Pakowki  formations  and  has  a  clay-loam  to  loam  texture  (Figure  15). 
The  carbonate  pebble  content  of  this  drift  is  relatively  high  in  comparison  to  that 
of  the  younger  drifts  (Figure  21),  but  in  the  southeastern  corner  of  the  map-area, 
high  and  low  values  are  juxtaposed.  In  the  same  area,  the  ratio  of  hornblende 
to  garnet  in  the  Wild  Florse  drift  is  also  very  variable  (Figure  23).  This  effect 
may  be  the  result  of  two  drift  sheets  (Wild  Horse  and  pre-Wild  Horse  drifts) 
expressing  themselves.  The  fresh  appearance  of  the  glacial  land  forms  clearly 
stamp  this  drift  as  belonging  to  the  Wisconsin  Stage  (plates  8  and  12B).  Along  the 
preglacial  divide  that  joins  the  Cypress  Hills  and  Sweet  Grass  Hills,  however,  the 
drift  was  never  thick,  and  badland  erosion  (chiefly  of  the  bedrock)  has  been  active 
for  a  considerable  time,  producing  the  "eroded  plains"  described  in  Chapter  V, 

It  should  be  mentioned  that  only  in  townships  1  and  2,  ranges  4,  5,  and  6  were 
exfoliated  erratics  observed. 

Pakowki  drift  The  broad,  well  defined  Pakowki  End  Moraine  occupies 
most  of  the  terrain  between  Etzikom  Coulee  and  the  Milk  River  Valley.  Pakowki 
drift  also  covers  the  western  and  northern  outer  slopes  of  the  Cypress  Hills  Upland 
(Figure  32).  It  lies  mainly  on  Foremost  and  Oldman  beds,  has  a  loam  texture,  is 
slightly  coarser-grained  than  the  Wild  Horse  drift  (figures  15  and  18),  and  contains 
more  Precambrian  crystalline  pebbles  than  the  older  drifts  (Figure  21).  It  is  of 
W  isconsin  age. 

Etzikom  drift  and  Oldman  drift  The  Etzikom  and  Oldman  drift  sheets 
occupy  the  northwestern  quadrant  of  the  map-area  (Figure  32).  The  former  is 
closely  associated  in  time  and  space  with  the  Pakowki  drift  (Figure  30)  and  the 
Oldman  drift,  which  just  extends  into  the  northwestern  corner  of  the  map-area,  is 
probably  not  much  younger  than  the  Etzikom  drift.  The  radiocarbon  date  of 
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10,500  -  200  (GSC-3)  —  on  willow  wood  from  a  small  channel  that  was  eroded  by 
Oldman  River  during  early  development  of  its  postglacial  valley  —  gives  the 
minimum  age  of  the  Oldman  drift. 

Manyberries  volcanic  ash 

The  Manyberries  volcanic  ash  Is  exposed  just  south  of  Manyberries,  at 
Lsd.  14  5.13  Tp.5  R.6  (Plate  29).  It  Is  a  6-Inch  thick  bed,  pale  greyish  orange 
(10YR7/2)  In  colour,  contains  few  detrital  contaminants,  and  grades  from  a  fine 
sand  at  the  base  to  a  clay  at  the  top.  The  ash  bed  is  covered  by  20  to  25  feet  of 
lacustrine  sand,  silt,  and  clay  and  is  underlain  by  four  feet  of  lacustrine  silt  below 
which  occurs  one  foot  of  outwash  gravel  and  sand  which  lies  on  till.  At  one  place 
along  the  section,  the  dip  on  the  ash  bed  and  adjacent  lacustrine  sediment  suddenly 
steepens  and  here  the  beds  are  cut  by  small  normal  faults  (Plate  29).  These  post- 
deposltional  structures  indicate  that  the  beds  locally  collapsed  due  to  the  loss  of 
support  at  depth,  which  most  probably  occurred  as  a  result  of  the  disappearance,  by 
melting,  of  burled  blocks  of  ice. 

As  pointed  out  by  Powers  and  Wilcox  (1964),  layers  of  volcanic  ash  are 
sufficiently  common  in  young  deposits  of  northwestern  United  States  and  adjacent 
Canada  to  serve  as  horizon  markers  in  geological  and  archaeological  stratigraphy, 
provided  they  can  be  identified  and  correlated.  The  Manyberries  volcanic  ash  was 
therefore  studied  In  some  detail  In  an  attempt  to  correlate  It  with  radiocarbon-dated 
ashes  nearby  (Horberg  and  Roble,  1955;  Powers  and  Wilcox,  1964). 

The  Manyberries  ash  contains  2  per  cent  fine  sand,  93  per  cent  silt,  and 
5  per  cent  clay.  The  mineralogy,  refractive  index  of  the  glass,  and  composition  of 
the  plagioclase  feldspars  are  given  in  Table  IX.  The  refractive  Index  of  the  glass 
(n  =  1  .500  to  1  .501)  Is  definitely  lower  than  the  Galata  ash  In  Montana 
(n  =  1.510  -  .005)  which  Horberg  (1955)  thought  came  from  the  southwestern  Glacier 
Park  area.  In  Washington.  Powers  and  Wilcox  (1964),  on  chemical  and  petrographic 
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MINERAL  TYPE 

0.125  to  0.062  mm. 
size  fraction 

PERCENTAGE  FREQUENCY' 

Glass  (with  abundant  iron  oxide) 

42 

Glass  (clear) 

29 

Feldspar  (mainly  plagioclase) 

19 

Quartz 

5 

Hornblende 

3 

Magnetite 

1 

Orthopyroxene 

1 

Garnet 

tr 

Calcite 

tr 

Biotite 

tr 

Refractive  index  of 

1.500  -  1.501 

glass 

Composition  of  plagioclase 

feldspar^ 

Andesine  45) 

TABLE  IX,  Mineralogy  of  the  Manyberries  volcanic  ash 
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evidence,  believe  the  Galata  ash  came  from  Mount  Mazama,  Oregon.  They  identi¬ 
fied  two  volcanic  ash  deposits,  both  widespread  throughout  northwestern  United 
States  and  adjacent  Canada;  one  from  Mount  Mazama,  about  6600  radiocarbon  years 
old,  and  the  other  from  Glacier  Peak,  in  Washington,  "perhaps  very  late  glacial  or 
early  postglacial  in  age".  The  mineralogy  of  the  AAanyberries  volcanic  ash  agrees 
more  closely  to  that  of  the  older  Glacier  Peak  ash  —  low  refractive  index  of  the 
glass,  and  absence  of  apatite  and  augite.  This  correlation  is  further  supported  by 
the  collapse  structures  in  the  Manyberries  ash,  which  suggest  that  this  ash  was 
deposited  whilst  ice  of  Pakowki  age  still  existed  (Plate  29). 

Forthcoming  radiocarbon  dates  from  the  Foremost-Cypress  Hills  area 

Three  samples  have  been  submitted  to  the  University  of  Saskatchewan  for 
radiocarbon  age  determination.  No  results  are  available  as  yet,  but  the  particulars 
of  each  sample  and  the  possible  significance  of  the  radiocarbon  dates  are  given  below. 

(1)  Stems  of  Equisetum  sp.  were  collected  from  deltaic  sands  at  the  north¬ 
eastern  corner  of  Lake  Pakowki  (Lsd.5  S.16  Tp.5  R.7).  The  rushes  were  in  their 
original  growth  positions  and  the  sample  was  collected  6  feet  below  the  surface. 

The  radiocarbon  age  of  the  rushes  will  date  the  deltaic  sands  and  give  the  minimum 
age  of  the  Etzikom  drift. 

(2)  Just  north  of  the  map-area,  along  the  South  Saskatchewan  Valley  at 
S.5  Tp,14R.5,  bison  bones  (Bison  occidentalis  ?)  were  found  in  glacial  sands 
beneath  the  lowermost  till  sheet.  The  radiocarbon  age  of  these  bones  will  date  a 
major  glacial  advance  in  southeastern  Alberta  (see  Appendix  C  for  complete  des¬ 
cription  of  the  section). 

(3)  Wood,  associated  with  bones  of  Bison  bison  bison,  was  recovered  from 
a  river  terrace  at  Lsd.3  S.30  Tp.2  R.3.  The  terrace  is  composed  of  massive  and 
horizontally  bedded  silt  with  some  sand  and  pebble  horizons.  The  radiocarbon  age 
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of  this  wood  will  give  the  time  of  aggradation  of  the  channel,  a  minimum  date  for 
the  deglaciation  of  the  area,  as  well  as  dating  the  bison  remains. 

Radiocarbon  dates  from  adjacent  areas  and  their  significance 

In  the  Prelate  map-area  (72  K),  Saskatchewan,  immediately  to  the  northeast 
of  the  Foremost-Cypress  Hills  area  (72  E),  Mr.  Peter  David  identified  a  palaeosol 
that  has  been  radiocarbon  dated  at  approximately  20,000  years  B.  P.  (Peter  David, 
1964,  written  communication).  One  major  drift  sheet  underlies  this  palaeosol  and 
two  overlie  it.  Hence,  a  major  readvance  of  the  Laurentian  ice  sheet  occurred 
about  20,000  years  ago.  The  ice  overrode  the  whole  of  the  Prelate  map-area,  passed 
into  the  Foremost-Cypress  Hills  area,  and  its  terminus  must  be  represented  by  one 
of  the  end  moraines  shown  in  figures  28  and  32.  A  younger  glacial  advance  in  the 
northeastern  part  of  the  Prelate  area  has  been  dated  at  about  10,250  years  B.  P. 

(Peter  David,  1964,  written  communication;  S-174), 
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CHAPTER  IX  -  GLACIAL  HISTORY 

Frost  action  structures  in  the  upper  part  of  the  Saskatchewan  gravels  and 
sands  indicate  a  periglacial  climate  existed  in  the  map-area  just  prior  to  the  in¬ 
cursion  of  the  first  Laurentian  ice  sheet. 

Phase  no.  1 

Phase  no.  1  of  the  glacial  history  commenced  with  the  invasion  of  the 
area  by  the  Laurentian  glacier  that  deposited  the  pre-Wild  Horse  drift.  Whether 
this  was  the  first  glacier  to  enter  the  map-area  is  not  known  for  there  may  have  been 
older,  less  extensive  glaciers.  This  glacier  reached  an  elevation  of  4500  feet  above 
sea  level  on  the  northern  slopes  of  the  Cypress  Hills,  which  formed  a  nunatak  about 
300  feet  high.  Deformation  of  the  Cypress  Hills  conglomerate  by  frost  action  and 
deposition  of  the  Cypress  Hills  loess  occurred  at  this  time.  To  the  south,  the  Sweet 
Grass  Hills  stood  as  giant  nunataks,  extending  2000  feet  above  the  glacier's 
surface.  These  upland  areas  must  have  exerted  a  pronounced  influence  on  the 
direction  of  ice  movement,  which  was  most  probably  towards  the  south  in  the  western 
part  of  the  map-area,  and  towards  the  southeast  in  the  southeastern  part  of  the  map- 
area  (Figure  33).  This  glacier  penetrated  into  Montana  and  the  most  southerly 
position  it  reached  is  represented  by  the  outer  limit  of  glaciated  terrain  (figures  28 
and  30). 

Phase  no.  2 

During  this  phase  the  glacier  most  probably  retreated  out  of  the  map-area. 
The  large  re-entrants  along  the  ice  margin  of  the  next  glacier  that  moved  into  the 
map-area  and  Montana  (Figure  28)  show  that  the  earlier  glacier  certainly  retreated 
north  of  the  49th  Parallel.  During  ablation  of  this  earlier  glacier,  meltwater  channels 
were  formed  around  the  Cypress  Hills,  the  meltwater  being  conducted  to  the  east 
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and  southeast.  Elsewhere,  the  character  of  the  drift  and  glacial  land  forms  that 
were  produced  at  this  time,  have  largely  been  destroyed  by  later  ice  advances. 

Phase  no.  3 

A  major  readvance  of  the  Laurentian  ice  sheet  occurred  at  this  time.  This 
glacier,  which  deposited  the  Wild  Horse  drift,  reached  an  elevation  of  4100  feet 
on  the  northern  slopes  of  the  Cypress  Hills.  At  this  time,  some  meltwater  probably 
flowed  to  the  east  and  southeast  along  channels  around  the  Cypress  Hills  into 
Saskatchewan,  The  glacier  flowed  towards  the  south  in  the  western  half  of  the 
map-area,  but,  between  the  Cypress  Hills  and  Sweet  Grass  Hills,  was  forced  to 
flow  towards  the  southeast  (Figure  34).  Figure  28  shows  that  this  glacier  was  split 
into  two  lobes  by  the  Sweet  Grass  Hills:  the  western  ice  lobe  moved  southwards 
into  Montana  whereas  the  larger  eastern  lobe  flowed  southeastwards  into  Montana. 

Phase  no.  4 

The  extent  of  retreat  of  the  glacier  that  deposited  the  Wild  Horse  drift  is 
not  known,  but  the  direction  of  retreat  is  well  recorded  by  numerous  ice-marginci 
channels  and  glacial  lineaments  (Figure  35).  In  the  Cypress  Hills  area,  the  glacier 
receded  downslope,  and,  in  the  process,  successively  lower  ice-marginal  channels 
were  formed  which  conducted  meltwater  to  the  east  and  southeast.  At  the  same 
time,  the  glacier  retreated  down  the  northern  slope  of  the  Sweet  Grass  Hills,  where 
initially  the  meltwater  drained  to  the  south  along  consequent  meltwater  channels 
(Coutts,  Clarinda,  Pinhorn  channels;  Figure  32),  but  later  flowed  eastwards  and 
southeastwards  along  the  Milk  River  Ice-marginal  Channel. 

Southeast  of  the  preglacial  divide  that  joins  the  Cypress  Hills  and  the 
Sweet  Grass  Hills  (Map  8),  the  glacier  became  stagnant.  Meltwater  was  conducted 
southeastwards  along  subglacial  tunnels  in  which  eskers  formed.  When  this  stagnant 
ice  became  thin,  the  esker  ridges  emerged  above  its  surface,  impeded  the  flow  of 
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superglacial  meltwater  which  resulted  in  the  formation  of  Superglacial  Lake  Wild 
Horse  (plates  1  4B  and  19). 

Retreat  of  the  glacier  northwest  of  the  Ancestral  Milk  River  Valley  must 
have  led  to  the  formation  of  a  proglacial  lake  near  the  present  site  of  Lake  Pakowki. 
During  the  early  stages  of  this  lake,  its  waters  most  probably  drained  southeastwards 
along  Canal  Channel  (Figure  32)  which  became  a  subglacial  tunnel  in  the  south¬ 
eastern  corner  of  the  map-area  (Figure  35).  Lost  River  Channel  most  probably 
drained  water  from  this  lake  at  a  later  date. 

During  the  recession  of  the  glacier  (that  deposited  the  Wild  Horse  drift) 
from  Montana  and  the  map-area,  minor  readvances  occurred.  The  lobate  end  moraine 
near  Wild  Horse  was  deposited  during  one  of  these  minor  readvances. 

Phase  no.  5 

Phase  no,  5  of  the  glacial  history  in  the  Foremost-Cypress  Hills  area  is 
marked  by  another  major  readvance  of  the  Laurentian  ice  sheet.  This  glacier, 
which  deposited  the  Pakowki  drift,  reached  an  elevation  of  about  3200  feet.  It 
surrounded  the  Cypress  Hills  Upland,  and  nosed  southeastwards  across  the  depression 
now  occupied  by  Lake  Pakowki,  but  did  not  overtop  the  preglacial  divide.  To  the 
west,  this  glacier  did  not  cover  the  Lucky  Strike  Upland.  At  this  time,  meltwater 
again  flowed  along  Milk  River  and  Lost  River  channels  (Figure  36). 

Phase  no.  6 

As  the  ice  front  receded  downslope.  Glacial  Lake  Pakowki  formed 
between  it  and  the  preglacial  divide  that  joins  the  Cypress  and  Sweet  Grass  Hills. 
Meltwater  drained  through  successively  lower  outlets  as  frontal  retreat  of  the 
glacier  continued.  Initially,  Glacial  Lake  Pakowki  drained  southeastwards  via 
Lost  River  Channel  (about  2950  feet  above  sea  level).  With  further  backwasting 
of  the  ice  front,  the  glacial  waters  found  a  lower  outlet,  the  Pakowki  Channel 
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(less  than  2900  feet  above  sea  level),  which  conducted  meltwater  into  Milk  River 
Channel.  Later,  Etzikom  Ice-marginal  Channel  contributed  a  considerable  volume 
of  meltwater  to  Glacial  Lake  Pakowki,  whose  waters  drained  via  Pakowki  Channel 
to  Milk  River  Channel.  Milk  River  Canyon  was  formed  at  this  time. 

The  extent  of  retreat  of  this  glacier  is  not  known,  but  the  now  buried 
Granlea  Channel  (township  8,  range  9;  AAap  1),  north  of  Lake  Pakowki,  may  mark 
the  ice-frontal  position  at  the  time  of  maximum  retreat.  The  position  of  this 
channel  to  the  west  and  east  of  Granlea  is  not  precisely  known,  but  it  probably 
closely  followed  the  present  Chin  and  Seven  Persons  channels.  The  Manyberries 
volcanic  ash  was  deposited  during  phase  no.  6, 

Phase  no.  7 

During  this  phase  the  Laurentian  ice  sheet  readvanced  to  the  south  and 
nosed  southeastwards  across  the  northern  part  of  Glacial  Lake  Pakowki.  It  buried 
Granlea  Channel  as  well  as  part  of  Etzikom  Channel,  and  reached  an  elevation  of 
about  3000  feet.  Meltwater  flowed  eastwards  along  Etzikom  Ice-marginal  Channel, 
debouched  into  Glacial  Lake  Pakowki  and  from  here  flowed  through  Pakowki  Channe 
to  Milk  River  Canyon  (Figure  38). 

Phase  no.  8 

The  direction  of  retreat  of  the  glacier  that  deposited  the  Etzikom  drift  is 
well  recorded  by  numerous  ice-marginal  channels  and  glacial  lineaments  (Figure 
39).  Initially,  meltwater  flowed  along  the  same  path  described  in  phase  no,  7. 
Contemporaneously,  north  of  the  Cypress  Hills,  meltwater  drained  to  the  northeast 
along  the  Norton  Channel  (Figure  32).  As  the  glacier  retreated  downslope, 
successively  lower  ice-marginal  channels  were  formed.  When  the  Chin  -  Seven 
Persons  -  Irvine  channel  system  was  formed,  all  meltwater  drained  to  the  east 
and  northeast.  Continued  backwasting  of  the  glacier  to  the  north  and  northwest 
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resulted  In  the  formation  of  Glacial  Lake  Medicine  Hat  (township  12,  ranges  5 
and  6),  which  overlies  the  Ancestral  Milk  River  Valley,  and  Forty  Mile  Channel, 
which  conducted  meltwater  southeastwards  into  the  Seven  Persons  Channel.  North 
of  the  Chin  Ice-marginal  Channel,  meltwater  from  an  ablating  ice  lobe  was  con¬ 
ducted  eastwards  to  Forty  Mile  Channel  along  numerous  small  ice-marginal 
channels  (Plate  20).  This  glacier  most  probably  retreated  out  of  the  map-area. 

Phase  no.  9 

Phase  no.  9  of  the  glacial  history  is  marked  by  another  readvance  of  the 
Laurentian  ice  sheet.  The  glacier  moved  into  the  northwestern  part  of  the  map-area 
flowing  to  the  south  and  southeast  (Figure  40).  It  deposited  the  Oldman  drift  and 
reached  an  elevation  of  about  2600  feet.  This  was  the  last  glacier  to  move  into 
the  map-area. 

Phase  no.  10 

During  this  phase  meltwater  was  ponded  in  front  of  the  glacier,  forming 
a  shallow  proglacial  lake.  Later,  after  the  glacier  had  retreated  a  short  distance 
to  the  north,  meltwater  drained  eastwards  along  the  Oldman  and  South  Saskatchewan 
ice-marginal  channels.  The  South  Saskatchewan  Canyon  was  formed  at  this 
time  (Map  1 ) . 
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Phase  no,  3  of  fjlncial  history 
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Figure  35e  no,  A  of  glaclnl  history 
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Figure.  30,  )  li  c  no^  5  of  glncia).  history 
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Fip.in:  3V.  I'harc.  i  o,  6  of  hifitovy 
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Figure  38 «  Phase  no*  7  of  glacial  history 
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Figure  39<.  Phaj?e  no,  8  of  glacini  history 
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Sample 

number 


161 

561 

661 

861 

961 

1061 

1261 

1361 

1461 

1661 

1761 

2061 

2261 

2361 

2461 

2561 

2661 

2761 

2861 

2961 

3061 

3261 

3361 

3461 

3561 

3661 

3761 

3861 

3961 

4461 

4561 

4661 

4761 

4961 

5061 

5361 

5461 

5561 

5661 

5761 

5861 

5961 

6061 

6161 


APPENDIX  A 

LOCATION  OF  SAMPLES 


Description 


Bearpaw  shale 
Till 

Pebble  count  from  till 

Till 

Till 

Cypress  Hills  loess 
Cypress  Hills  loess 
Till 

Cypress  Hills  loess 
Cypress  Hills  loess 
Cypress  Hills  loess 
Eastend  sandstone 
Till 
Till 

Pebble  count  from  till 
Cypress  Hills  loess 
Cypress  Hil  Is  conglomerate 
Cypress  Hi  I  Is  loess 
Till 

Pebble  count  from  till 
Ravenscrag  ?  sandstone 
Fossiliferous  lacustrine  sediment 
Till 
Till 

Pebble  count  from  till 
Till 

Pebble  count  from  till 
Till 

Pebble  count  from  till 
Cypress  Hills  conglomerate 
Cypress  Hills  loess 
Till 

Pebble  count  from  till 
Fossiliferous  lacustrine  sediment 
Fossiliferous  lacustrine  sediment 
Till 
Till 

Pebble  count  from  till 

Till 

Till 

Till 

Pebble  count  from  till 
Till 

Pebble  count  from  till 


Location 

Lsd.  5  S.25  Tp.6  R.3  W.4 
Ud.l2  5.28  Tp.6  R.4  W.4 

II 

Lsd. 11  S.28  Tp.7R.4  W.4 
Lsd.  4  S.  3  Tp.8  R.4  W.4 
Lsd. 13  S.14  Tp.7  R.l  W.4 
Lsd.  7  5.25  Tp.7  R.2  W.4 
Ud.l6  5.33  Tp.6  R.2  W.4 
Lsd.  4  5.28  Tp.7  R.l  W.4 
Lsd. 12  5.34  Tp.7  R.2  W.4 
Lsd.  5  5.15  Tp.7  R.3  W.4 
Lsd.  4  5.20  Tp.8  R.3  W.4 
Lsd.  8  5,35  Tp.8  R.3  W.4 
Ud.l3  5.  8  Tp.9  R.3  W.4 

M 

Lsd.  12  S.  9  Tp.8  R.3  W.4 
Ud.n  S.IO  Tp.8  R.3  W.4 

M 

Lsd. 13  5.27  Tp.8  R.4  W.4 

II 

Ud.  4  S.20  Tp.8  R.3  W.4 
Ud.l3  S.28  Tp.8  R.4  W.4 
Ud.12  S.31  Tp.8  R.2  W.4 
Ud.10  S.29  Tp.8  R.3  W.4 

II 

Lsd.  3  5.21  Tp.8  R.4  W.4 

II 

Lsd.  5  5.  1  Tp.9  R.3  W.4 

M 

Lsd.  5  5.17  Tp.8  R.2  W.4 
Lsd.  8  5.25  Tp.8  R.2  W.4 
Lsd.  4  5.  3  Tp.9  R.2  W.4 
Lsd.  4  5.  3  Tp.9  R.2  W.4 
Ud.  6  5.23  Tp.9  R.l  W.4 


Lsd. 16  5.13  Tp.9  R.l  W.4 
Lsd.  8  5.25  Tp,8  R.l  W.4 


Lsd. 16  5.27  Tp.8  R.l  W.4 
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tl 
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*.W  S.P  q.qf  ££.2  At.biJ 
k.W  (.a\.qT  8£,2  »■  .btl 
^.W  S.Ji  .T.qT  H'.2  Sl.UJ 
N.Wt.d  ^.qT  21.2  2  .biJ 
I^.W  £.51  8.qT  OS. 2  >  .bO 
».W  £.51  S.qT  2£.2  8  ,b«J 
*,WeLS?.qI  8  .2£t.fatJ  , 

"  II 
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II 
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41 
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b.W  1.8  9. qT  £S.2  6  .biJ 
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HIT 
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ewol  illlH 
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HIT 
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^  9no1>bno2  9  goiDen»vo5I 

♦nsimibd*  •nhleuool  ewD'ioTHiitoT 

HIT 

HIT 

Hit  moiT  1nb/oD  sldds^ 

HIT 

lilt  moiT  tnooo  eiJckl®^ 

HIT 

Hit  motT  tnuoo  sldds^^ 
®toTomoiQf»o3  lIliH  «9Tqx^ 

229oI  iHiH  MSTqx^ 

IHT 

Hit  moiT  inuoa  oldds^ 
t’nsmlbs2  •riiittuool  luoisTHiwo^ 
tnsmibe^  snhtaoool  tuo^y^lHeao^ 

IHT 

HIT 

Mil  inoil  Inuo:)  alddo^ 

IHT 

IHT'  . 

"IHT 

I  Hi  tfioi!  tnooD  sldds*! 

HIT 

Hit  rroniT  1noo3  slckld^ 


f&s:i 

(dsr 

leAi 

fddJ 

Id\! 

!d0£ 

IASS 

Ides 

raAs 

fd^S 

I6d<: 

r68S 

td^S 

im 

r6sc 

f6ee 

im 

tddt 

fdKC 

idse 

fi/fC 

!d^ 

169^ 

fdOt 

tdCt 

re^e 

td^t 

16^ 

re>8t 

1606 

1616 
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Sample 

number  Description  Location 


6261 

Till 

Ud.l3  S.n  Tp.9R.l  W.4 

6361 

Till 

II 

6461 

Till 

Ud.  1  S.  8  Tp.9  R.l  W.4 

6561 

Pebble  count  from  till 

Ud.  8  S.  t  Tp.9  R.2  W.4 

6661 

Pebble  count  from  till 

Ud.  3  S.32  Tp.8  R.2  W.4 

6861 

Till 

Ud.ll  S.27  Tp.9  R.4  W.4 

6961 

Till 

Ud.  4  S.25  Tp.9  R.3  W.4 

7061 

Pebble  count  from  till 

II 

7161 

Pebble  count  from  till 

M 

7361 

Till 

Lsd.  4S.  3  Tp.lOR.4  W.4 

7461 

Pebble  count  from  till 

II 

7561 

Till 

Ud.l6  S.22  Tp.9  R.4  W.4 

7661 

Pebble  count  from  till 

II 

7761 

Pebble  count  from  till 

Ud.ll  S.3  Tp.lO  R.3  W.4 

7861 

Till 

Ud.l3  S.33  Tp.9  R.l  W.4 

7961 

Till 

Ud.lO  S.l  Tp.lO  R.l  W.4 

8061 

Pebble  count  from  till 

II 

8161 

Till 

II 

8261 

Pebble  count  from  till 

II 

8461 

Fossil iferous  silts  from  terrace 

Ud.l3  S.14  Tp.lO  R.l  W.4 

8561 

Till 

Ud.  3  S.  1  Tp.lO  R.l  W.4 

8661 

Pebble  count  from  till 

II 

8861 

Till 

Lsd.  12  S.28  Tp.9  R.2  W.4 

8961 

Pebble  count  from  till 

II 

9061 

Till 

Ud.l3  S.31  Tp.9  R.l  W.4 

9161 

Till 

Ud.  9  S.24  Tp.9  R.2  W.4 

9261 

Till 

Ud.  9  S.36  Tp.9  R.l  W.4 

9361 

Till 

Ud.  7  S.29  Tp.9  R.l  W.4 

9461 

Pebble  count  from  till 

II 

9561 

Till 

M 

9661 

Pebble  count  from  till 

II 

9761 

Pebble  count  from  till 

Ud.l2  S.34  Tp.9  R.l  W.4 

9861 

Fossil  iferous  silts  from  terrace 

Ud.l3  S.14  Tp.lO  R.l  W.4 

10061 

Fossi  1  iferous  lacustrine  sediment 

Ud.  2,  S.30  Tp.9  R.2  W.4 

1762 

Pebble  count  from  till 

Ud.  3  S.20  Tp.4  R.2  W.4 

1862 

Till 

II 

2062 

Pebble  count  from  till 

Ud.  1  S.34  Tp.4  R.3  W.4 

2162 

Pebble  count  from  till 

Ud.  8  S.35  Tp.4  R.4  W.4 

2262 

Till 

II 

2462 

Cypress  Hills  loess 

Ud.ll  S.IO  Tp.8  R.3  W.4 

2562 

Cypress  Hi  1  Is  loess 

II 

2662 

Till 

Lsd. 10  S.IO  Tp.6  R.l  W.4 

2762 

Pebble  count  from  till 

Lsd. 14  S.34  Tp.5  R.l  W.4 

2862 

Till 

Ud.  6  S.12  Tp.4  R.l  W.4 

2962 

Pebble  count  from  till 

II 

3062 

Pebble  count  from  till 

Lsd. 13  S.34  Tp.9  R.l  W.4 

3162 

Pebble  count  from  till 

II 

3262 

Pebble  count  from  till 

II 

3362 

Pebble  count  from  till 

It 

3762 

Till 

Ud.l3  S.14  Tp.9  R.3  W.4 
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noilQi'OfQ 
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M 
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^.W  ^.51  9.qT  V5.2  f  I  .bti 
E.RO.qT  tSi,Z^  .bd 
n 

w 

•..W^.flOI.qT  £  .2  ^  .btJ 

ii 

^.W  ^,51  9,qT  55.2  61  ,beJ 

ft 

£.\we.»o(.qT  e.c  if.bii 

».W  r.Jl^.qT  ££.2  ei.bil 
jiC.W  l-.JIOt.ijT  l.2  0t.bt! 

i? 

It 

'  I'i 

^.W  f  .51  Of  ,qT  M.E  Cf  .bd 
<bAV  f  .51  Of  .qT  [  .2  C  .bd 

II 

^,W  5.8  9. qT  85.2  51  .bd 

(I 

k.W  I.a^.qT  f£.2£I.biJ 
^.W  S.51  9.qT  £S.2  9  .bjJ 
£.W  [,S19.qT  d£.2  9  .taJ 
£.W  1.8  9. qT  9S.2 'C  .btl 

tl 


>.W  1.8  9.qT  fc£.2  Sl.bd 
£.W  (.80r.qT  »r.2  £t.bd 
£.W  S.fl  9.qT  0£.2  ,S  .bsJ 
£.W  £.8  fc.qT  OS. 2  £  .tiJ 

fr.W  E.S^.qT  M;.2  I  .bjJ 
£.W  £.8b.qT  c£.2  8  .bti 

n 

►  .W  £.8  8.qT  Of, 2  tf  .btl 

U 

h.W  f  ,8  d.qT  01.2  01  .btJ 
K.W  f.8a.qT>e.2>f.btl 
I^.W  r.8£.qT  SI. 2  6  .btl 

II 

'  l^.W  f,8  9.qT  6C.2  Ef.bd 


ik.W6.8  9.qT^r.2ef.bd 


■v*r3 


y*s 


^  IliT 
HIT 
HIT 

Mil  Inuoo  eldelaS  . 

HH  fooi^  inubD  «lcki9*l 

..  IJiT 
HIT 

Hit  1nvo3  ®lckle8 

Mil  moi^  Inuoo  sldd^ 

HIT 

Hit  moi^  Inuoo  olcklalS 

HIT 

lilt  moil  tnuoo  olckiaS 
Hit  ffioT^  Inuoo 

HIT 

HIT 

Hit  moil  inuoo  elcidaSi 

HIT 

Hit  moi^  Inuoo  eldds^ 
eoonot  mcil  itlU  iuo  i®Tili«oT 

HIT 

Hit  fooi^  tnuoo  eldd®*! 

HIT 

Hit  rnoiT  tnuoo  ®ldd®S 

HIT 

IliT 

IliT 

HIT 

Hit  rnoiT  tnuoo  oldds^ 

HIT 

lilt  nioil  tnuoo  eldd®*! 
lift  moi^  1-nuoo  ©Ickio^ 
sooi^t  moiT  it  111  ivx>T®^iHtio^ 
insmtboi  oniitauool  4uo>®1illMoT 
Hit  moi^  Inuoo  fflddoS 

IliT 


Hit  molt  tnuoo  oIcWo^ 
Hit  moiT  tnuoo  olddoS 

HIT 

:  24®oi  elHH 

'  itooi  illiH  2i®K|j(D 

Hit  mcnt  inuoo  ®lcW®8 

IliT 

Hit  molt  tnuoo  e!dcl®8 
Hit  molt  tnuoo  oldde^ 
Hit  molt  tnuoo  elcldo^ 
IHt  molt  tnuoo  olddoH 
Hit  molt  tnuoo  olckJ®^ 

IliT 


9  ic[mD2 

letdmuff 

12^6 
(686 
if  61^6 
"1666 

r(6a6 

1696 


1665 

1665 

1655 

1685 

1695 

1608 

1618 

1658 
Ibl^^S 
1668 
1668 
1688 
1698 
1609 

..  1619 

1659 
1669 
16^9 
1669 
1669 
1659 
1689 

- 16001 
5651 
5681 
5605 
5615 
5655 
561^5 
5665 
5665 
5655 
.5685 
■5695 
SibOt 
S&IC 

■  S<>S£ 

'  SbEC 
SbTE 


jmple 

jmDer 

4262 

4362 

4662 

4762 

4862 

4962 

5062 

5262 

5362 

5462 

5562 

5662 

5762 

5862 

5962 

6062 

6162 

6362 

6462 
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8562 
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10762 

10862 

11062 

11362 

11462 

11562 

263 
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Description 

Fossiliferous  lacustrine  silt 
Fossiliferous  lacustrine  silt 
Till 

Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Till 

Pebble  count  from  till 
Till 

Pebble  count  from  till 
Pebble  count  from  till 
Till 

Pebble  count  from  till 
Till 

Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Till 

Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Pebble  count  from  till 
Till 

Pebble  count  from  till 
Manyberries  volcanic  ash 
Cypress  Hills  loess 
Frenchman  sandstone 
Oldman  sandstone 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Till  and  pebble  count 
Skull  of  Bison  bison  bison 
Fossiliferous  sands  and  clays 
Till  and  pebble  count 


Location 

Lsd.  2  S.18  Tp.lO  R.5  W.4 

II 

Ud.l5  S.31  Tp.  9  R.5  W.4 

II 

II 

Lsd.  4S,30  Tp.  9  R. 4  W.4 

II 

Lsd.  11  S.30  Tp.  9  R.6  W.4 

II 

Lsd.  2  S.35  Tp.  9  R.7  W.4 
Ud.  4  S.  3  Tp.  9  R.7  W.4 

II 

Lsd.  4  S.30  Tp.  7  R.7  W.4 
Lsd.  4  S.30  Tp.  7  R.7  W.4 
Lsd.  8  S.16  Tp.  7  R.7  W.4 
Ud.  1  S.36  Tp.  7  R.7  W.4 
Lsd.13S.34Tp.  8  R.6  W.4 
Ud.l3  S.32  Tp.  8  R.5  W.4 
Ud.  3  S.30  Tp.  7  R.4  W.4 
Lsd.  9  S.10  Tp.  5  R.6  W.4 

II 

Ud.l3  S.34  Tp.  5  R.7  W.4 
Ud.l5  S.15  Tp.  4R.8  W.4 
Ud.l5  S.  4  Tp.  6  R.5  W.4 
Ud.14S.ll  Tp.  6  R.6  W.4 
Lsd.  9  S.15  Tp.  5  R.5  W.4 
Ud.  1  S.29  Tp.  4  R.5  W.4 

M 

Lsd. 14  S. 13  Tp.  5  R.6  W.4 
Lsd. 13  S.21  Tp.  8  R.l  W.4 
Ud.l6  S.  9  Tp.  8  R.4  W.4 
Ud.  9  S.IO  Tp.  5  R.6  W.4 
Ud.  7  S.17  Tp.ll  R.5  W.4 
Ud.l5  S.31  Tp.  9  R.5  W.4 

II 

NW  1/4  S.32Tp.8  R.5  W.4 
SW  1/4  S.10  Tp.8  R.5  W.4 
SW  1/4  S.31  Tp.7R.6  W.4 
NW  1/4  S.19  Tp.8  R.6  W.4 
SE  1/4  S.17  Tp. 6  R.7  W.4 
SW  1/4  S.13  Tp.6  R.8  W.4 
SE  1/4  S.15  Tp.6  R.6  W.4 
NE  1/4  S.20  Tp.2  R.7  W.4 
NW  1/4  S.17  Tp.3  R.2  W.4 
SW  1/4  S.13  Tp.5  R.3  W.4 
SW  1/4  S.  3  Tp.lO  R.3  W.4 
Ud2,3  S.30  Tp.  2  R.3  W.4 
Ud.  2  S.34  Tp.  2  R.7  W.4 
Ud.l3  S.33  Tp.  2  R.5  W.4 
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Sample 


mber 

Description 

Location 

863(1) 

Til 

1  and  pebble 

count 

Ud.l3  S.  4  Tp.  1  R.5  W. 

863(ii) 

Til 

1  and  pebble 

count 

Ud.l3  S.  4  Tp.  1  R.5  W. 

963 

Til 

1  and  pebble 

count 

Ud.  6  S.14  Tp.  1  R.5  W. 

1063 

Til 

1  and  pebble 

count 

Lsd.  2  S.21  Tp.  2  R.5  W. 

1163 

Til 

1  and  pebble 

count 

Ud.l6  S.31  Tp.  2  R.5  W. 

1262 

Til 

1  and  pebble 

count 

Ud.  1  S.  5  Tp.  2  R.7  W. 

1363 

Til 

1  and  pebble 

count 

Ud.l2  S.ll  Tp.  3  R.4  W. 

1463 

Til 

1  and  pebble 

count 

Ud.  1  S.12  Tp.  3  R.4  W. 

1563 

Til 

1  and  pebble 

count 

Ud.11  S.25  Tp.  3  R.4  W. 

1763 

Til 

1  and  pebble 

count 

Ud.l3  S.  2  Tp.  2  R.4  W. 

1863 

Til 

1  and  pebble 

count 

Ud.  9  S.  1  Tp.  1  R.4  W. 

1963 

Til 

1  and  pebble 

count 

Lsd.  13  S.22  Tp.  1  R.3  W. 

2163 

Til 

1  and  pebble 

count 

Ud.l4  S.14  Tp.  2  R.3  W. 

2263 

Til 

1  and  pebble 

count 

Ud.l6  S.30  Tp.  3  R.2  W. 

2363 

Til 

1  and  pebble 

count 

Ud.  4  S.31  Tp.  2  R.2  W. 

2463 

Til 

1  and  pebble 

count 

Ud.  1  S.  7  Tp.  2  R.l  W. 

2563 

Til 

1  and  pebble 

count 

Ud.  2  S.19  Tp.  2  R.l  W. 

2663 

Til 

1  and  pebble 

count 

Ud.l4  S.IO  Tp.  3  R.2  W. 

2763 

Til 

1  and  pebble 

count 

Ud.  5  S.30  Tp.  3  R.l  W. 

2863 

Til 

1  and  pebble 

count 

Ud.  6  S.  6  Tp.  3  R.  1  W. 

2963 

Til 

1  and  pebble 

Count 

Ud.  3  S.24  Tp.  3  R.l  W. 

3063 

Til 

1  and  pebble 

count 

Ud.  8  S.IO  Tp.  2  R.5  W. 

3163 

Til 

1  and  pebble 

count 

Ud.l2  S.  2  Tp.l2  R.l  W. 

3263 

Til 

1  and  pebble 

count 

Ud.  4  S.17  Tp.ll  R.2  W. 

3363 

Til 

1  and  pebble 

count 

Ud.l2  S.  2  Tp.ll  R.2  W. 

3463 

Til 

1  and  pebble 

count 

Ud.  5  S.35  Tp.io  R.l  W, 

3563(0 

Til 

1  and  pebble 

count 

Ud.14S.36  Tp.lOR.l  W. 

3563(11) 

Til 

1  and  pebble 

count 

11 

3663 

Fo; 

>siliferous  lacustrine  sediment 

Ud.lO  S.18  Tp.io  R.2  W. 

3763 

Til 

1  and  pebble 

count 

Ud.  5  S.23  Tp.ll  R.3  W. 

3863 

Til 

1  and  pebble 

count 

Ud.lO  S.18  Tp.ll  R.3  W. 

3963(0 

Til 

1  and  pebble 

count 

Ud.  2  S.14  Tp.ll  R.4  W. 

3963(11) 

Til 

1  and  pebble 

count 

II 

4163(1) 

Til 

1  and  pebble 

count 

Lsd.  6  S.  4  Tp.ll  R.5  W. 

4163(11) 

Til 

1  and  pebble 

count 

II 

4263 

Til 

1  and  pebble 

count 

Lsd.  1  S.l  Tp.l2  R.ll  W. 

4363 

Til 

1  and  pebble 

count 

Lsd.l  S.IO  Tp.l2  R.ll  W. 

4463 

So; 

jkatchewan  gravels  and  sands 

Lsd. 6  S.23  Tp.ll  R.15  W, 

4563 

Til 

1  and  pebble 

count 

Lsd.  4  S,16  Tp.  8  R.8  W. 

4663(0 

Til 

1  and  pebble 

count 

Lsd.  4  S.22  Tp.7  R.IO  W. 

4663(11) 

Til 

1  and  pebble 

count 

II 

4763 

Til 

1  and  pebble 

count 

Lsd.  2  S.  2  Tp.5  R.13  W. 

4863 

Til 

1  and  pebble 

count 

Lsd.  3  S.IO  Tp.2  R.IO  W. 

4963 

Til 

1  and  pebble 

count 

Lsd.  6  S.13  Tp.  3  R.9  W. 

5163 

Til 

1  and  pebble 

count 

Lsd.  4  S.15  Tp.l  R.12  W. 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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4 

4 

4 

4 

4 

4 

4 

4 


=>•  i 


alomo^ 

ledmun 


nohosod 


n&ilqiiaaaO 


^.W  £.a  f  .qT  *  .2  Cl.btl 
♦•.We.«  t  .qT».  .ZCl.bil 
k.W  e.J)  I  .qT  *.1.2  2i  .bt! 
J>  W  £.5i  S  .oT  fS.2  S  .bj.l 
t.W  £.51  5  .qT  (£.2  dt.tnl 
k.W  K.a.S  .ql  £  .2  I  .biJ 
.qT  11.2  Sf.biJ 
*..W<>.5I£  .qX.Sf.a  (  .btl 
».W  fc.5l  E  -qT  ix.l  tr.bjJ 
i'.HS  .qT.  S  .2  El.biJ 
*.W>.S  r  .qT  f  2  9  .b*J 
>-W  C.*  (  .qT  S5.2  Et.bJ 
^.W  E.S  £  .qT  ^f.c  ^t.beJ 
N.VV  £.8  6  .qT  0C.2  df  .bJ 
£.8  £  .qT  tc.2  f  .bij 
♦  .W  I..T  S  .ql  T  .2  I  .1>»J 
b.W  l.S  S  .qT  91.2  S  .beJ 
*.W£.8E  qTOI.2kI.bti 
k.W  1.8  e  .qT  Oe.2  £  .bjJ 
k.W  (.8E  .qT  6  .2  i  .bil 
k.W  l.8e  .qf  k£.2  £  .btl 
k.W£.8S  .qTOf.2  8  .btl 

q.W  1.8  sr.qT  £  .2  £f  .btl 

k.W  £.8  fl.qT9I.2k  '.biJ 

k.W  S.8  (l.qT  S  .2  jr.bil 
k.W  1  .8  0(.qT  eC,.2  c  .biJ 
k.W  r.80l.qT££.2kf.btJ 

u 

k.W  S.flOf.qT  81 .2  01  .btl 
k.W  £.8  ff.qT  es.2  £  .btl 
k.W  £.8  It.oT  81. 201  .btl 
k.Wk.S  If.qTkl.2  £  .btl 

II 

k.W  £.8  il.qT  k  ,2  £  .btl 

tl 

k.W  11.8  £l.qT  1.2  I  ,b«J 
k.W  It. 8  SI.qT  01.2  l.btl 
k.V2  £1.8  Il.qT  ££.2  d.btl 
k.W  8.8  a  .qT  61.2  k  .btl 
i‘.W0I.8  9.qT££.2k  .btl 

M 

k.W  £1.8  £.qT  £  .2  S  .btl 
k.W  01.8  £.qt  01.2  C  .btl 
k^W9..8£  .qTef.2d  ,UJ 
k.W  £1.8  l.qT  £1.2  k  .btl 


Inuoo  dicideq  brtD  IIIT 

{i)C68 

tnuo3  dtddeq  bno  IliT 

(ii)e6d 

tfnxjo  skkieq  bno  lliT 

069 

Inuoo  eidddq  bno  HIT 

0601 

1n(X>o  »1ddeq  bno  HIT 

0611 

fnuoo  ©Iddoq  bno  tliT 

S6S( 

inuoo  olddoq  bno  liiT 

0601 

V  tnuoo  olddeq  bno  tilT 

tnuoo  siddoq  bno  tliT 

0661 

tnuoo  oiddoq  bno  Hit 

fnuoo  oiddsq  bno  tl!T 

0681 

tnuoo  diddoq  bno  IliT 

0691 

tnuoo  elddoq  bno  IIJT 

0610 

tnuoo  olddoq  bm>  MiT  i 

. r  0600 

tnuoo  oiddo<)  bno  tl<T 

0600 

tnuoo  dlddsq  bno  IjiT 

06^0 

tnuoo  olddoq  bno  IfTT 

0660 

tnuoo  oiddaq  bno  iiiT 

0660 

tnuoo  olddaq  bno  HIT 

0600 

tnuoo  alddaq  bno  IliT 

0680 

tnuoo  elddoq  bno  MIT 

0690 

tnuoo  afdd&q  bno  11  IT 

0600 

tnuoo  alddoq  bno  HlT 

0610 

tnuoo  olddaq  bno  HIT 

C6S£ 

tnuoo  olddoq  bno  HiT 

0600 

tnuoo  alddoq  bno  IliT 

06^0 

tnuoo  olddaq  bno  illT 

0)0620 

tnuoo  olddaq  bno  HIT 

(n)0660 

tnemibM  aniTltuool  tuoio^iiiuoT 

£660 

tnuoo  alddaq  bno  IiiT 

0600 

tnuoo  alddaq  bno  HiT 

0680 

tnuoo  alddaq  bno  HIT 

0)0690 

tnuoo  alddaq  bno  HIT 

Ot)0690 

tnuoo  alddaq  bno  HiT 

0)061^ 

tnuoo  alddaq  bno  HiT 

(ii)06I^ 

tnuoo  alddaq  bno  IHT 

060^ 

tnuoo  alddaq  bno  HIT 

€60^ 

dsncM  bno  afavoig  nowaHoto>l»D2 

061^ 

tnuoo  alddaq  bno  IliT 

e66K 

tnuoo  atddaq  bno  HIT 

0)066^ 

tnuoo  alddaq  bno  IHT 

01)0661^ 

tnuoo  alddaq  bno  HIT 

€dVb 

tnuoo  alddaq  bno  HiT 

068^ 

tnuoo  alddaq  bno  HIT 

069^ 

tnuoo  alddaq  bno  HiT 

6616 

168 


APPENDIX  B 

CALCITE-DOLOMITE  CONTENT  OF  TILL 

The  standard  curves,  which  were  used  to  determine  the  amount  of  calcite 
and  dolomite  in  till,  are  given  in  Figure  41  .  A  Chittick  gasometric  apparatus  was 
used.  All  samples  weighed  1  .700  gm.  and  were  finer  than  200-mesh.  The  detailed 
procedure  is  given  by  Dreimanis  (1962). 

The  dolomite  sample  (a  pebble)  was  obtained  from  till  just  north  of  the 
Cypress  Hills.  It  was  analysed  by  John  Jansen,  Dept.  Geology,  University  of 
Alberta:  CaCO^  =  55.7%;  MgCO^  =  42.65%. 
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APPENDIX  C 

PLEISTOCENE  SECTIONS 

Section  1:  Wolf  Island  Section.  North  bank  of  Oldman  River,  north  of  Wolf  Island, 
at  Ud.l2  S.20  Tp.ll  R.14  W.4. 

Thickness 


Sand  and  silt,  rusty  yellow,  stones  present  in  upper  part -  30 

Till,  dark  greyish  brown  -  5 

Till,  buff  to  light  brown,  unconsolidated;  exposure  poor -  80 

Bedrock  masses,  grey  bentonitic  shale  (Cretaceous) -  5 

Till,  dark  greyish  brown,  compact -  35 

Interbedded  till  and  sand -  10 

Till,  grey,  compact -  5 

Sand,  well-sorted,  glacial;  upper  part  slightly  contorted -  15 

Clay  and  silt,  dark  brown,  some  beds  pink;  varved,  upper  part 

contorted -  10 

Saskatchewan  gravels  and  sands;  lower  part  gravel  composed 


dominantly  of  brown  and  red  quartzites,  upper  part  sand  with 
thin  gravel  beds;  frost  action  structures  in  upper  part; 


Canadian  Shield  stones  absent -  15 

Bedrock,  Foremost  formation  (Cretaceous) -  15+ 
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Section  2:  Gros  Ventre  Creek  Section. 

Ud.2  S.UTp.ll  R.4  W,4. 


North  bank  of  Gros  Ventre  Creek,  at 


Deposit 


Thickness 

(feet) 


Till,  buff  to  light  brown,  stony;  interbedded  with  few  thin 

silt  and  sand  beds -  12.0 

Interbedded  till  and  glaciof luvial  material: 

Sand,  horizontally  bedded -  1.5 

Till,  brown,  compact -  3.0 

Sand  and  silt,  horizontally  bedded -  1  .8 

Till,  grey  to  buff -  0.9 

Clay -  0.1 

Sand  and  silt -  1 .0 

Gravel  -  0.2 

Silt - - -  0.7 

Till,  grey,  compact -  0.5 

Sand  with  lens-shaped  inclusions  of  til  I;  contorted -  9.0  18.7 

Till,  dark  grey,  compact -  4.5 

Bedrock,  Bearpaw  formation  (Cretaceous)  -  10.0+ 


Section  3:  Bullshead  Creek  Section.  Composite  section  of  exposures  along  east 
and  west  banks  of  Bui  Ishead  Creek,  at  Lsd.  15, 16  S.  31  Tp.9R.5W.4. 


Thickness 


Till,  brown,  stony;  good  columnar  jointing -  30 

Till,  grey;  good  columnar  jointing  -  30 

Sand,  cross-bedded;  slightly  deformed  -  3 
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Silt,  yellow  to  ochre,  bedded;  slightly  deformed -  15 

Interbedded  silt  and  clay;  deformed,  (Plate  28  C) -  12 

Bedrock,  Bearpaw  formation  (Cretaceous) -  2+ 


Section  4:  Ross  Creek  Section  1 .  East  bank  of  Ross  Creek,  at  Lsd.  13  S.18  Tp.lO  R.2  W.4 


Thickness 


Sand,  silt  and  clay -  2 

Till,  buff  to  light  brown;  contains  flame-shaped  inclusions  of  lower 

dark  till  (Plate  30  C)  -  35 

Till,  dark  greyish  brown,  compact;  contains  lens  of  nonglacial 

gravel  near  base -  20 

Bedrock,  Bearpaw  formation -  50+ 


Section  5:  Mackay  Creek  Section  1  .  East  bank  of  Mackay  Creek,  at 
Ud.lO  S.l  Tp.lO  R.l  W.4 


Thickness 

(feet) 


Till,  light  brown  -  20 

Till,  light  brown;  contains  numerous  flame-shaped  inclusions  of 

dark  brown  till;  in  places  capped  by  outwash  sand -  40 

Till,  dark  brown  -  15+ 


Deposit 
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Section  6:  Mackay  Creek  Section  2.  West  bank  of  Mackay  Creek,  at 
Ucl.6  S.23  Tp.9R.l  W.4 

Thickness 
(feet) 

Till,  light  brown;  (to  south  grades  laterally  into  fossiliferous 


lacustrine  sand,  silt,  clay  and  marl) -  4 

Outwash  sand  and  fine  gravel  -  13 

Till,  dark-brown,  compact -  9 

Fine  sand,  silt  and  clay  with  occasional  pebbles;  upper  part 

deformed -  15+ 


Deposit 


Section  7:  Canal  Creek  Section.  Northeast  bank  of  Canal  Creek  at 
Ud.l6  S.31  Tp.2  R.5  W.4 


Thickness 

(feet) 


Silt;  a  few  pebbles  present -  7 

Gravel  and  sand,  glacial  -  2 

Till,  compact -  5 

Sand,  minor  till  inclusions -  4 

Till,  minor  sand  inclusions -  15+ 


Deposit 


Section  8:  Milk  River  Section.  North  bank  of  Milk  River,  at  Lsd.l3  S.4  Tp.l  R.5  W.4 


Thickness 


Sand,  minor  gravel,  inclusions  of  til  I;  deformed -  6 

Till,  dark  brown;  iron  oxide  conspicuous  along  joints -  7-15 

Bedrock,  Oldman  formation  (Cretaceous) -  4+ 
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Section  9:  Ross  Creek  Section  2.  West  Bonk  of  Ross  Creek,  at  Lsd.5  S.23  Tp.ll 
R.3  W.4. 


Thickness 

(feet) 


Till;  buff  to  light  brown,  stony,  massive -  20 

Till,  greyish  buff,  interbedded  with  thin  sand  beds -  20 

Till,  greyish  brown,  compact,  stony,  massive -  15+ 


This  section  is  illustrated  on  Plate  28,  D,  Compare  with  Section  2,  the  Gros  Ventre 
Creek  Section , 


Section  10:  South  Saskatchewan  River  Section  1 .  North  bank  of  South  Saskatchewan 
River  at  NE  1/4  S. 9  Tp.l3  R.5  W,4. 


Thickness 
(fee 


Till,  dark  greyish  brown  -  20 

Sand  and  silt,  yellow -  40 

Gravel,  glacial  -  1 

Till,  grey -  5 

Clay,  grey  -  2 

Silt,  some  sand -  40 


Saskatchewan  gravels  and  sands;  mainly  sand,  large-scale  festoon 

bedding;  contains  partly  carbonised  twigs  with  a  radiocarbon 

oo  onn  "^8100  □  p 

age  29,200  -  years  B.  P. 

(GX-0102) -  30+ 
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Section  11:  South  Saskatchewan  River  Section  2.  East  bank  of  South  Saskatchewan 
River  at  NE  1/4  S.4  Tp.l3  R.5  W.4. 


Thickness 


Sand  and  silt,  lacustrine -  3 

Till,  light  brown,  massive -  10 

Till,  dark  brown,  massive -  15 

Silt,  some  sand,  bedded -  4 

Interbedded  till  and  sand -  10 


Till,  light  brown  to  grey,  massive;  may  consist  of  two  till  sheets;  in 
places  covered  by  colluvium;  wood  fragments  from  a  peat-like 
horizon  in  this  unit  have  a  radiocarbon  age  24,490  +  200  years 
B.P.  (G.S.C,-205,  Stalker,  written  communication,  1964) -  50+ 


Section  12:  South  Saskatchewan  River  Section  3.  West  bank  of  South  Saskatchewan 
River  at  SW  1/4  SJ7  Tp.l3  R.5  W.4. 


Thickness 


Sand  and  silt -  10 

Gravel,  bouldery  in  places,  glacial  -  1 

Sand,  cross-bedded,  glacial  -  30 


Interbedded  gravel  and  sand;  the  following  fossils  have  been 

recovered:  a)  Camelid,  about  the  size  of  the  modern  camel; 
fragmentary  lower  part  of  left  scapula 

b)  Equus  sp. ,  about  the  size  of  E.  cabal  lus; 
fragment  from  skull 


c)  Mammuthus  primigenius,  fragments  of  molar 
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Silt,  yellow,  preglacial? -  3 

Saskatchewan  gravels  and  sands;  mainly  gravel;  an  incomplete, 

moderately  worn  premolar  of  Mammuthus  primigenius  recovered; 
right  astragalus  of  Equus  sp. ,  about  10%  smaller  than  E. 


caballus -  10 

Bedrock,  Foremost  formation  (Cretaceous) -  5+ 


Section  13:  South  Saskatchewan  River  Section  4.  East  bank  of  South  Saskatchewan 
River  at  SE  1/4S.5  Tp,14R.5  W.4 


Thickness 
(fee 


Sand  and  silt,  lacustrine -  10 

Till,  yellowish  brown,  silty;  contains  gravel  inclusions -  20 

Silt,  yellow -  6 

Till,  dark-brown,  massive -  5 

Interbedded  silt  and  till  -  5 

Till,  dark  greyish  brown;  some  silt  and  gravel  beds  present -  50 


Sand  and  silt;  minor  till  inclusions;  Bison  occidentalis?  remains 
found  at  base  of  unit;  await  result  of  radiocarbon  age 

determination  on  some  of  these  bones -  6 

Sand,  some  gravel  beds  present;  a  peat?  bed  occurs  at  approx.  25 
feet  below  top  of  unit;  the  following  fossils  have  been 
recovered  from  the  upper  part: 

a)  Artiodactyl,  possibly  Cervus;  fragment  of  left  ramus 
of  lower  jaw  with  very  worn  4th  premolar  and  2nd  and  3rd  molars. 

b)  Equus  sp.,  smaller  than  the  modern  E.  caballus; 


left  scapula,  incomplete 
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Gravel,  glacial  -  3 

Silt,  yellow;  lowermost  beds  darker  colour;  Equus  $p. ,  about  10% 

smaller  than  average  for  E.  cabal  I  us;  left  metatarsal -  10 

Saskatchewan  gravels  and  sands;  mainly  sand -  6 

Bedrock,  Foremost  formation  (Cretaceous) -  10+ 


DRILL  HOLES  (logs  taken  from  seismic  shot  point  data) 


Location 

Description 

Depth 

(feet) 

Lsd.l3  S.  8  Tp.2  R.14  W.4 

Till 

0-  60 

Gravel 

60-  85 

Sandstone  (bedrock) 

85-150 

Lsd.  4  SJ5  Tp.2  R.13  W.4 

Till 

0-  45 

Gravel 

45-  60 

Blue  shale  (bedrock) 

60-  75 

Ud.  2  S.25  Tp.3  R.15  W.4 

Sand 

0-  73 

Gravel 

73-  90 

Ud.  3  S.  4  Tp.4  R.15  W.4 

Till 

0-145 

Gravel 

145-150 

Sandstone  (bedrock) 

150-190 

Lsd.  4  S.28  Tp.l  R.13  W.4 

Till 

0-  80 

Fine  gravel 

80-100 

Sandstone  (bedrock) 

100-120 

Ud.l3  S.  6  Tp.l  R.13  W.4 

Till 

0-  70 

Gravel 

70-  75 

Till? 

75-  90 

Gravel 

90-105 

Sandstone  (bedrock) 

105-120 

Ud.l4  S.32  Tp.  6  R.13  W.4 

Brown  till 

0-  35 

Sand  and  gravel 

35-  40 

Blue  till 

40-  88 

Shale  (bedrock) 

88-105 

Ud.l6  S.19  Tp.  7  R.13  W.4 

Till 

0-  40 

Gravel 

Till 

40-  44 
44-190 

Sandstone  and  shale  (bedrock) 

190-210 
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Location 


Description 


Depth 

(feet) 


Lsd.lS  S.23  Tp.  6  R.13  W.4 

Brown  till 

0-120 

Blue  till 

120-250 

Ud.l3  S.  8  Tp.  7  R.12  W.4 

Brown  till 

0-  90 

Blue  till 

90-200 

Ud.l6  S.19  Tp.  7  R.12  W.4 

Brown  till 

0-  45 

Blue  til  1 

45-195 

Shale  (bedrock) 

195-210 

Ud.l5  S.  9  Tp.  6  R.12  W.4 

Brown  till 

0-  65 

Blue  till 

65-130 

Gravel 

130-180 

Shale  (bedrock) 

180-210 

Lsd.  5  S.23  Tp.  6  R.12  W.4 

Brown  till 

0-  70 

Blue  till 

70-150 

Gravel 

150-165 

Ud.l2  S.  7  Tp.  6  R.ll  W.4 

Brown  till 

0-  55 

Blue  till 

55-250 

Ud.l6  S.33  Tp.  6  R.ll  W.4 

Till 

0-  50 

Fine  gravel 

50-  60 

Till 

60-140 

Shale  (bedrock) 

140-165 

Ud.  4  S.25  Tp.ll  R.IO  W.4 

Till 

0-  20 

Sand 

20-  35 

Till 

35-105 

Ud.  5  S.28  Tp.lO  R.IO  W.4 

Brown  till 

0-  30 

Blue  til  1 

30-105 

Shale  (bedrock) 

105-130 
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PLATE  1 

A.  The  Cypress  Hills  near  the  Alberta-Saskatchewan  border.  Glacial 
drift  partly  fills  Graburn  Gap  (centre)  and  covers  the  northern 
escarpment  (right)  up  to  an  elevation  of  4500  feet.  Continental 
ice  did  not  extend  south  of  Battle  Creek  (left-centre)  which  may 
have  conducted  some  meltwater  to  the  southeast  into  Saskatchewan 
(Map  1).  Dense  forests  clothe  many  of  the  slopes  in  this  area. 

B,  The  Cypress  Hills  Plateau,  south  of  Elkwater.  The  Cypress  Hills 
conglomerate  and  overlying  loess  are  well  exposed  here. 


THE  CYPRESS  HILLS 


PLATE  2 


Seven  Persons  Coulee,  on  ice -marginal  channel,  is  about  a  mile 
wide  and  100  feet  deep  at  this  locality  (S.  12  Tp.  1 1  R.6  W.4). 
Bedrock  exposures  can  be  seen  along  the  sides  of  the  coulee» 


Looking  westwards  along  Chin  Coulee  at  S,  1 1  Tp.7  R.  13  W.4. 

This  ice-marginal  channel  is  a  mile  wide  and  about  200  feet  deep. 


ICE -MARGINAL  CHANNELS 
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PLATE  3 

A.  Looking  eastwards  along  the  South  Saskatchewan  Canyon  (Lsd,8  S,12 

Tp.ll  R.13  W,4),  which  is  over  a  mile  wide  and  more  than  300  feet 
deep.  The  Foremost  beds  are  exposed  along  the  valley  sides. 

B.  Milk  River  Canyon  at  S.9  Tp.2  R.6  W.4  is  over  a  mile  wide  and  more 
than  400  feet  deep.  The  Oldman  and  underlying  Foremost  beds  are 
exposed  along  the  dissected  valley  sides. 


CANYONS 
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PLATE  4 


1 60  -  4902 
1998  -  146 

Elutings  in  bedrock  south  of  Milk  River  Canyon.  The  drift  thickness 
varies  from  0  to  15  feet.  The  dissection  of  the  land  by  streams  south 
of  the  Milk  River  largely  post-dates  the  formation  of  the  Milk  River 
Canyon.  Notice  how  the  f lutings  have  controlled  the  orientation  of 
the  tributary  valleys. 

Location:  township  2,  range  7 
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PLATE  5 


160  -  4916 
1926  -  88 


A  fault  displacing  glacial  drift  and  controlling  part  of  the  course  of 
the  South  Saskatchewan  River. 


Location:  township  11,  range  15 


STRUCTURAL  LINEAMENT 
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PLATE  6 


160  -  4910 
2131  -  21 

An  area  of  ground  moraine  showing  the  characteristic  low  relief  and 
numerous  undralned  depressions.  The  till  is  10-20  feet  thick  here  and 
bedrock  exposures  can  be  seen  along  the  valley  walls  of  Forty  Mile 
Coulee. 

Location:  township  7,  ranges  10  and  11 


CROIIND  MORAINE 
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PLATE  7 


160  -  491 3B 
2131  -  61 

Ground  moraine  (A)  grading  uphill  into  hummocky  disintegration 
moraine  (B).  Thin  ablation  till  covers  the  ground  moraine.  The  till 
is  over  60  feet  thick. 

Location:  township  9,  range  2 


GROUND  MORAINE  GRADING  INTO  HUMMOCKY  DISINTEGRATION  MORAINE 
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PL^TE  8 


160  -  4912 
2194A  -50 

Hummocky  disintegration  moraine  immediately  to  the  north  of  the  Wild 
Horse  End  Moraine  (A),  near  Elkwater.  Closed  ridges  (B),  linear 
ridges  (C),  and  moraine  plateaux  (D)  are  shown.  The  local  relief  is 
greater  than  25  feet  and  the  till  is  more  than  60  feet  thick. 

Location:  township  8,  range  3 


HUMMOCKY  DISINTEGRATION  MORAINE 
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160  - 
1998 


PLATE  9 


4905 
-  87 


Hummocky  disintegration  moraine  (A)  with  local  relief  considerably 
less  than  25  feet.  Only  knobs  are  well  developed;  closed  and  linear 
ridges  are  rare  or  absent.  The  till  is  10  to  20  feet  thick.  Note  bed¬ 
rock  exposures  to  the  north. 

Location:  township  4,  ranges  3  and  4 


hummocky  disintegration  moraine 
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PLATE  10 

1 60  -  4909 
2172  -  91 

Aligned  knobs,  closed  and  linear  ridges  in  hummocky  end  moraine. 
Lacustrine  sediment  (A)  covers  part  of  the  moraine.  The  till  is  more 
than  100  feet  thick,  and  some  of  the  glacial  lineaments  are  shown  (B), 

Location:  townships  6  and  7,  range  8 


HUMMOCKY  END  MORAINE 
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PLATE  11 

1 60  -  4905 
1 998  -  82 

Ridged  end  moraine  east  of  Lake  Pakowkl.  Till  ridges  are  the  most  con¬ 
spicuous  element.  The  till  varies  from  20  to  50  feet  thick.  Note  bed¬ 
rock  exposures  In  valleys  (A). 

Location:  township  4,  ranges  5  and  6 


RIDGED  END  MORAINE 
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PLATE  12 


160  -  5000 
1922  -  120 

Washboard  moratne  north  of  Seven  Persons.  Transverse  till  ridges  ore 
up  to  10  feet  high  and  100  to  300  feet  apart.  The  till  is  more  than 
50  feet  thick. 

Location:  township  11,  range  7 


1 60  -  4902 
1998  -  136 

Washboard  moraine  south  of  Milk  River.  The  ridges  vary  in  height 
from  2  to  10  feet.  The  till  is  10  to  30  feet  thick. 


Location:  township  2,  range  10 


WASHBOARD  MORAINE 
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PLATE  13 


1 60  -  4907 
2456  -  42 

Linear  disintegration  ridges  composed  entirely  of  gravel  and  sand 
along  the  northwestern  shore  of  Lake  Pakowki.  The  ridges  parallel 
the  former  margin  of  the  stagnant  ice. 

A,  hummocky  end  moraine;  B,  Etzikom  Coulee;  C,  confluent  junction 
of  ridges. 

Location:  township  5,  range  8 


LINEAR  DISINTEGRATION  RIDGES 


■  M 
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160  - 
1998 


160  - 
2191 


PLATE  14 


4902 

-  152 

Drumlinoid  ridge  (A),  25  feet  high  and  composed  of  gravel  and  sand. 
The  drift  is  thin  in  this  area  (Lost  River  district)  and  consists  mainly 
of  outwash  gravel  and  sand  with  patches  of  till.  Bedrock  is  exposed 
at  the  surface  in  places. 

Location:  township  2,  range  5 

4901  B 

-  143 

Drumlins  (B),  about  50  feet  high  and  composed  of  gravel  and  sand, 
associated  with  ice-contact  features  —  kames  (C)  and  an  esker  (D). 
Lost  River  flows  across  the  area. 


Location:  township  1,  range  4 


DRUMLINS  AND  DRUMLINOID  RIDCES 
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PLATE  15 

160  -  4902 
1998  -  133 

A  swarm  of  drumlins,  composed  of  gravel  and  sand.  Drumlln  A  is  about 
600  yards  wide  and  over  50  feet  high.  The  ice  flowed  to  the  southeast. 
Note  bedrock  exposures  (Milk  River  formation)  along  Dead  Horse 
Coulee. 

B,  outwash  sands;  C,  till;  D,  Milk  River;  E,  Dead  Horse  Coulee,  an 
abandoned  ice-marginal  channel. 

Location:  township  2,  range  11 


DRUMLINS 
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PLATE  16 


160  -  4901  B 
2191  -  145 

A  relatively  straight  esker  (A)  oriented  parallel  to  the  direction  of 
ice  movement  and  pitted  by  kettles  (B)  and  a  channel  (C).  The  latter 
was  formed  by  a  superglacial  stream.  This  esker  is  more  than  12  miles 
long,  approximately  a  mile  wide,  and  in  places  50  feet  above  the 
surrounding  prairie  level. 

Location:  township  1,  range  3 
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PLATE  17 


160  -  4901 
2273  -  1 1 1 

A  sinuous  esker  (A),  lying  on  hummocky  end  moraine  (B),  and  ter¬ 
minating  in  Glacial  Lake  Wild  Horse  (C).  Note  the  tonal  contrast 
between  the  sand  and  gravel  of  the  esker  and  the  till  of  hummocky  end 
moraine. 

Location:  townships  1  and  2,  range  2 


SINUOUS  ESKER 
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PLATE  18 


A,  B,  Three  feet  of  loess  on  the  Cypress  Hills  conglomerate,  whose  uppermost 
beds  have  been  deformed  by  frost  action.  Involutions  and  the  vertical 
attitude  of  the  long  axes  of  pebbles  are  well  shown  in  B. 

Location:  Lsd.  12  S.9  Tp.8  R.3  W.4 

C.  Till-like  fabric  of  the  Cypress  Hills  loess.  All  the  pebbles  are 
quartzites  and  were  elevated  into  the  loess  by  frost  action  from  the 
underlying  Cypress  Hills  conglomerate, 

D,  Eight  feet  of  Cypress  Hills  loess  on  deformed  beds  of  the  Cypress  Hills 
conglomerate.  This  section  has  now  been  destroyed. 


Location:  Lsd. 8  S.25  Tp.8  R.2  W.4 


CYPRESS  HILLS  LOESS 
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PLATE  19 


160  -  4900 
2272  -  26 

Lake  Wild  Horse  sediments  (A)  situated  to  the  north  of  a  large  esker  (B). 
C,  till;  D,  Wild  Horse. 

Location:  township  1,  range  1 


GLACIAL  LAKE  WILD  HORSE 
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PLATE  20 


160  -  4911 
2194A  -  78 


Small  ice-marginal  meltwater  channels  excavated  in  ground  moraine. 
They  are  approximately  300  feet  wide  and  about  10-20  feet  deep. 


Location:  township  8,  range  13 


ICE -MARGINAL  MELTWATER  CHANNELS 
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PLATE  21 


160  -  4900 
2272  -  1 4 

Ill-defined  ice-marginal  meltwater  channels  (A)  eroded  into  bedrock. 
Thin  till  caps  the  ridges  and  f lutings  extend  across  both  the  ridges  (B) 
and  channels  (C). 

C,  badland  escarpment  and  pediment  (in  bedrock). 

Location:  township  1,  range  7 


ERODED  PLAIN 
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PLATE  22 

160  -  4904A 
2191  -  97 

Eroded  plain  (A)  partly  buried  by  the  Pakowki  End  Moraine  (B). 
Windows  of  the  eroded  plain  occur  in  the  end  moraine  (C). 

D,  sand  dunes;  E,  badland  escarpment  and  pediment  (in  bedrock). 

Location:  township  3,  range  5 


ERODED  PLAIN 
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PLATE  23 

160  -  4907 
2  456  -  46 

Lobats  sheets  of  sand  with  superimposed  dunes  (A)  overlying  ground 
moraine  (B)  and  hummocky  moraine  (C)  east  of  Lake  Pakowki.  The 
sandy  area  is  now  stabilised  by  grasses,  shrubs  and  trees. 

D,  parabolic  dunes;  E,  transverse  dunes;  F,  reactivated  dunes 

Location:  township  5,  ranges  6  and  7 


DUNES  EAST  OF  LAKE  PAKOWKI 
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PLATE  24 

160  -  4915 
2060  -  9 

Parabolic  dunes,  south  of  the  Oldman  River,  developed  by  west- 
southwesterly  winds.  Lacustrine  sand  overlies  till  in  this  area.  Note 
the  terraces  along  the  Oldman  River  Valley. 

Location:  township  11,  range  14 


DUNES 


PLATE  25 


Hummocky  disintegration  moraine  north  of  Elkwater  (cf,  Plate  8). 

A  hummock  composed  of  till,  gravel,  and  sand  (ablation  drift)  in 
an  area  of  hummocky  disintegration  moraine. 

Location:  Lsd.5  S.28  Tp.7  R.4  W.4 

A  drumlinoid  ridge  just  east  of  Lost  River  (S.l  Tp.2  R.5  W.4),  composed 
of  gravel  and  sand. 

Compare  Plate  14,  feature  A. 

A  swarm  of  drumlins,  west  of  Lost  River,  composed  of  gravel  and  sand. 
The  stoss  ends  face  the  observer.  These  drumlins  are  shown  on  Plate 
14,  feature  B. 


Location:  S.16  Tp.l  R,4  W.4 


SOME  GLACIAL  LAND  FORMS 
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PLATE  26 


Elongate  dolomite  stones  showing  pronounced  striations  parallel  to  their  long 
axes.  This  indicates  that  whilst  in  the  ice,  the  stones  had  their  long  axes 
parallel  to  the  direction  of  ice  movement.  The  relative  ages  of  the  striations 
can  be  seen;  the  youngest  mainly  parallel  the  present  long  axes  of  the  stones. 
Other  striation  directions  may  in  part  be  related  to  the  abrasional  history  of 
the  stones  whilst  in  the  ice. 


STRIATIONS  ON  DOLOMITE  STONES 
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PLATE  27 

A,  B.  Deformed  sands  overlain  by  till.  The  direction  of  ice  movement  is 

given  by  the  overturned  fold  in  the  sands  (A)  and  by  linear  sole  marks 
on  the  bottom  of  the  till  sheet  (B).  This  lineation  parallels  the 
direction  of  ice  movement. 

Location:  Lsd.l  S.l  Tp,12R.ll  W.4 

C.  An  oriented  block  of  till  with  a  lineation  on  the  face  that  partly  en¬ 
closed  a  sand  lens  in  the  till.  This  lineation  parallels  the  preferred 
long-axis  orientation  of  the  pebbles  in  the  till  block  and  hence  is 
parallel  to  the  direction  of  ice  movement  (Figure  27,  sample  561). 

D.  Erratics  of  Cypress  Hills  conglomerate.  At  least  25  such  erratics 
were  counted  in  this  valley. 

Location:  Lsd.13  S,17  Tp.5  R.2  W,4 


FEATURES  INDICATING  DIRECTION  OF  ICE  MOVEMENT 
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PLATE  28 


A,  B.  Periglacial  (frost  action)  structures  in  the  Saskatchewan  gravels  and 
sands  that  are  exposed  along  the  Oldman  River  Valley,  A,  an 
involution  (Lsd.l2  S.20  Tp.ll  R.14  W.4);  b,  a  horizon  of  deranged 
pebbles  whose  long  axes  are  now  in  a  vertical  position  (Lsd.6  S,23 
Tp.ll  R.15  W.4). 

C.  Interbedded  sands,  silts  and  clays  that  were  deposited  in  a  proglacial 
lake  which  occupied  the  Bullshead  Creek  preglacial  valley  just 
prior  to  glaciation  of  the  area.  These  lacustrine  sediments  were 
deformed  by  the  overriding  glacier. 

Location:  Lsd.l6S.31  Tp,9  R.5  W.4  Hammer  gives  scale. 

D.  Three  distinct  till  sheets  exposed  at  Lsd.5  S.23  Tp.ll  R,3  W,4, 
These  three  tills  can  be  traced  westwards  along  Gros  Ventre  Creek 
for  a  distance  of  8  miles. 


PLEISTOCENE  DEPOSITS  OF  THE  FOREMOST -CYPRESS  HILLS  AREA 
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PLATE  29 


A.  Manyberries  volcanic  ash  —  a  6-inch  thick  ash  bed  (white  on  photo¬ 
graph)  overlain  by  25  feet  of  lacustrine  sand,  silt,  and  clay.  Till  is 
exposed  at  the  foot  of  the  cliff.  The  town  of  Manyberries  is  seen  in 
the  background. 

Location:  Lsd,  1 4  S.  1 3  Tp.5  R,6  W.4 

B.  Post-depositional  deformation  of  the  Manyberries  volcanic  ash.  The 
minor  faulting  and  sudden  steepening  of  the  dip  of  the  ash  bed  and 
closely  associated  lacustrine  sediment  near  the  assistant  seem  to  have 
been  produced  by  localised  collapse  as  a  result  of  melting  ice  at 
depth.  If  this  is  the  case,  then  the  volcanic  ash  is  approximately 
contemporaneous  with  ihe  disappearance  of  the  last  glacier  to 
affect  the  Manyberries  district. 


MANYBERRIES  VOLCANIC  ASH 
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PLATE  30 

A.  Overturned  fold.  This  till  is  most  probably  of  Pakowki  age  and  was 
deformed  by  the  overriding  glacier  that  deposited  the  Etzikom  End 
Moraine. 

Location:  Lsd.  13S,14Tp.ll  R.3W.4 

B.  A  fold  in  till  at  Lsd. 8  S.16Tp.lOR.4W,4 

C.  "Flame"  structures  In  till.  Slices  of  the  lower  dark  till  have  been 
Incorporated  into  the  upper  till.  Lenses  of  non-glacial  gravel  occur 
near  the  base  of  the  lower  till,  which  sits  on  the  Bearpaw  formation. 


Location:  Lsd.  13  S.  18  Tp,  10  R.2  W.4 


STRUCTURES  IN  TILL 


mrnmm 


SURFICIAL  GEOLOGY  OF  THE  FOREMOST  — 
CYPRESS  HILLS  AREA,  ALBERTA 


QUATERNARY 

RECENT 


LEGEND 


Alluvium;  sand,  silt  ond  cloy;  some  grovet 


Lacustrine  sediments:  sand,  silt  and  cloy 


PLEISTOCENE  AND  RECENT 


Colluvium  ond  al luviol  fan:  sond,  silt  ond  clay;  some  alluvium 
Eroded  slope:  mainly  bedrock;  someglocial  drift  and  colluvium 


Slump:  mainly  bedrock  moteriols  involved;  someglocial  drift 
ond  colluvium 


PLEISTOCENE 

GLACIO-FLWIAL 


Outwosh:  grovel  and  sand;  quartzites  abundant 
fce-morginol  chonnel  deposits:  grovel  and  sond 


lce=margtnol  channel  deposits;  silt  and  cloy;  commonly  associated 
with  recent  locustrine  sediment.  Mb  -  fill  present 


o  o  o  c 
o 

f->  o  n\ 


Collapsed  ice-contact  stratified  drift:  sand,  silt  end  cloy;  some 
gravel 

Eroded  plains:  if>  port  scoured  by  meltwater;  grovel,  sond,  silt, 
arid  cloy;  bedrock  exposures  common;  extensive  bodlond 


GLACIAL 


Controlled  linear  disintegrotion  ridge:  till;  some  grovel  and  sand 


Bedrock  upland  veneered  with  till:  surface  expression  of  drift 
commonly  controlled  by  bedrock;  grovel  and  sand  in  places 


Hummocky  end  moraine:  mainly  till;  aligned  knobs;  iorge  to 
medium  local  relief 


End  moraine:  ollgned  till  ridges;  some  grovel  end  sand;  medium 
locol  relief  —  less  than  20  feet 

End  moroine:  till  veneered  in  places  with  grovel,  sand,  silt  ond 
cloy;  stony  surface  with  mony  blowouts;  salirse  soils;  smell  focal 
relief 

Hummocky  disintegration  moroine;  moinly  till;  well-defined 
knobs  and  kettles,  closed  ond  linear  disintegration  ridges;  Iorge 
local  relief 

Hummocky  disintegration  moroine:  mainly  till;  knobs,  closed  ond 
lineor  disintegration  ridges;  medium  local  relief 

Hummocky  disintegration  moroine:  moinly  till;  stony  surface  in 
places,  knobs  often  indistinct  and  blowouts  common;  soline 
soils;  medium  to  smell  local  relief 

Ground  moraine;  mainly  till  —  unsorted  rocks,  sand,  silt  ond  cloy: 
some  grovel  end  sand;  small  local  relief  —  less  than  10  feet; 
includes  volley  fill  deposits  of  till 

CRETACEOUS  AND  QUATERNARY 


Bedrock-cored  ridges  (?)  veneered  with  glocial  gravel 


Bedrock  with  patches  of  glocial  drift  including  Lourentlon  errotics 


cretaceous 

^  Beorpow  and  Oldmon  Formations:  dork  shale;  light-coloured 

shale  and  sondstorre  with  coal  seams 


Geologicol  boundory  —  definite . . . . 

Geological  boundary  —  approximate . 

!ce-marg!nal  chonnel  . . 

Postulated  direction  of  meltwater  flow  . . 

Glocial  lineoments . . . 

Site  of  numerous  large  errotic  blocks  of  Cypress  Hills 
Conglomerate  . 

Fluting  . . . . . . . . 


Geology  by  J.A.  Westgote 

Moin  highway  . . 

Local  rood,  well  trovelled . . . 

Local  rood,  not  well  trovelled  . . 

Trail  . . . . 

Roilwoy . 

Irrigotion  ditch . . . 

Township  boundary  . . 

Section  line . . . . . 


49'30' 


INDEX  MAP 


100  so  0  100  200 


SURFICIAL  GEOLOGY 

GREEN  LAKE  DISTRICT.  ALBERTA 

WEST  OF  FOURTH  MERIDIAN 
Scole:One  Inch  fo  One  Mile  53  350 
\  h  ^  ''A  0 _ I _ 2 _ 3 


Cartography  token  from  Deportment  of  Londs  and  Forests,  Alberta,  Aerial  Survey 


300 


QUATERNARY 

RECENT 


legend 


Alluvium;  sand,  silt  and  cloy;  some  grovel 


Aeolion  deposits:  sand 


PLEISTOCENE  AND  RECENT 

Colluvium  and  alluvial  fan:  sand,  silt  and  cloy  mixed;  some  gravel 


U5S.»I 


Eroded  slope:  mainly  bedrock;  some  glacial  drift  ond  colluvium 


PLEISTOCENE 

GLACIO-LACUSTRINE 


iZ:/ 


Lake  Wild  Horse  sediments  veneered  with  recent  lacustrine  and 
alluvtol  silt  ond  cloy 


Loke  Wild  Horse  sediments:  mainly  sand 


Lacustrine  sediments:  sand,  silt,  and  cloy;  some  gravel;  till 
In  pieces 

GLACIO-FLUVIAL 

Undifferentiated  ouKvosh  grovel  ond  sand  ond  fill;  bedrock 
exposed  in  places 

Welfwoter  channel  sediments:  silt  ond  clay;  portly  covered 
with  olluvium  and  colluvium 

&ker;  grovel  ond  sand;  in  places  local  relief  approaches 
50  feet 


Kome:  grovel  and  sand;  local  relief  approximately  50  feet 


Ice-confoct  deposits:  thin  patches  oF  gravel  on  till 


Eroded  plains:  in  part  scoured  by  melfwaler;  till,  gravel,  sand, 
sill  and  clay;  bedrock  exposures  common;  extensive  badland 


Hummocky  end  moraine;  mainly  fill;  oligned  knobs  ond 
closed  disintegration  ridges;  large  local  relief 


End  moroine:  aligned  till  ridges;  medium  to  small  local  relief 

End  moroine:  till  veneered  in  pieces  with  gravel,  sand,  silt 
end  cloy;  srony  surfoce  with  mony  blowouts;  soline  soils; 
smoll  local  relief 

Hummocky  disintegrotlon  moraine:  moin'y  till;  knobs,  closed 
and  linear  disintegration  ridges;  medium  locol  relief 

Hummocky  disintegrotion  moraine:  mainly  till;  stony  surfoce 
in  places,  knobs  often  Indistinct  ond  blowouts  common;  saline 
soils;  medium  to  small  locol  relief 

/ /Zy  ,  Ground  moroine:  mainly  till;  some  grovel,  sand,  silt  and  clay; 
//  /  y^l  saline  soils;  smol!  local  relief  —  less  than  10  feet 

Ground  moraine:  mainly  till;  in  places  some  gravel,  sand,  silt 
ond  cloy;  knobs  present;  saline  soils;  small  locol  relief 


Volley  f7ii  deposits:  fill  —  unsorted  rocks,  sond,  silt  and  cloy 


CRETACEOUS 


Beorpaw  and  Oldman  Formations:  dark  shale;  light-coloured 
shale  and  sondstone  with  cool  seams 


Geological  boundory  —  definite . . 

Geologicol  boundary  --  approximote  . . . . 

A/eltwoter  channel  . . . . . 

Subglociol  tunnel  . . . 

Postulated  direction  of  melfwoter  flow  . . . 

Drumlin  or  drumlinold  ridge:  grovel  ond  sand . 

Gloctal  lineoment  . . . . . 

Geology  by  J.A.  Westgote 

Main  highway . . . . . 

Local  road,  well  travelled. . . . 

Local  road,  not  well  travelled  . . . . 

Trail  . 

Roilwoy . 

Irrigation  ditch . 

Township  boundory  . . .  ^ 

Section  line . 
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LEGEND 


QUATERNARY 

RECENT 

Alluvtum:  sand,  silt  and  cloy;  some  grovel;  Includes  terroces 
Locustrlne  sediments:  sand,  silt  ond  cloy;  some  alluvium 
Aeolion  deposits:  sond 


PLEISTOCENE  AND  RECENT 

Colluvium  and  alluvial  Ton:  sand,  silt  and  cloy  mixed;  some  gravel 

Eroded  slope:  moinly  bedrock;  some  glacial  drift  and  colluvium 

PLEISTOCENE 

GLACIO-LACUSTRINE 

Loke  Pakowkt  sediments:  sond,  silt  ond  clay;  veneered  with  recent 
lacustrine  sediment  ond  alluvium 

Lake  Pakowki  sediments:  shoreline  deposits  of  sand  with  some  grovel 

Loke  Pokowki  sediments:  thin  shoreline  deposits  of  gravel  ond  sond 
overlying  fill 


X  X  X 

X 


GLACIO-FLUVIAL 


Undifferentloted  oufwosh  grovel  ond  sand  and  till;  bedrock  exposed 
in  places 


Meltv/oter  channel  sediments:  sand,  silt  and  clay;  some  gravel; 
portly  covered  with  oUuvium,  colluvium  and  recent  locustrine  sediment 


Eroded  pfoins:  in  port  scoured  by  meltwoter;  till,  grovel,  sond,  silt 
and  cloy;  bedrock  exposures  common;  extensive  badlond 


GLACIAL 


End  moroine:  oligned  till  ridges;  some  grovel  ond  sand;  large  to 
medium  local  relief 


End  moroine:  till  veneered  in  places  with  grovel,  sond,  silt  ond  clay; 
stony  surface  with  many  blowouts;  salinesoils;  smoll  local  relief 


Hummocky  end  moraine;  mainly  till;  knobs;  large  to  medium  locol 
relief 

Ground  moraine;  moinly  till;  some  grovel,  sond,  silt  ond  cloy; 
^saline  soils;  small  locol  relief  —  less  than  10  feet 


Ground  moraine:  mainly  till;  grooved;  bedrock  ot  surfoce  in  fev/ 
pieces;  generally  less  than  10  feet  thick;  small  local  relief 


Volley  fill  deposits:  till  —  unsorted  rocks,  sond,  silt  ond  clay 


CRETACEOUS 

Beorpaw,  Oldmon,  Foremost  ond  Pakowki  Formotions:  sandstone, 
sho/e,  bentonitic  cloy  ond  cool 


Geological  boundary  —  definite . 

Geological  boundary  —  opproximote  . . 

Meltwoter  chonnel  (includes  ice-marginal 

and  spillwoy  channels)  . . . . . . . . . . . 

Postuloted  direction  of  meltwoter  flow  . . . . 

Drumlin  or  drumllnoid  ridge:  gravel  and  sond . . . 

Fluting  . . . . . 

Glacial  lineament . 


Geology  by  J.A.  Westgote 

Main  highway . . .  * 

Locol  rood,  well  travelled . : - - — 

Local  road,  not  well  travelled  . .  _  -  _  _ 

Trail  . . . 


Tp.2 


Roilwoy . . . 

Irrigation  ditch . . . . 

Township  boundary . . 

Section  line . . . . 

Cartography  token  from  Department  of  Lands  and  Forests,  Alberta,  Aeriol  Survey 
sheet  No.  72E  -  2 
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USITlft  STATU  OF  *MeilIC* 


EXPLANATrON 

Contour,  bedrock  surfoce  . 

Tholweg  of  pregloclol  volley  . 

Preglociol  drofnoge  divide . 

Seebefowfor  cofnmer)h  on  reliobiltty  of  contours 
Scole  in  Miles 
4  3  2  1  0  4 


Contour  Interval  =  100  feet 
Elevations  In  feet  obove  meon  seo  level 

Bedrock  fopogropby  by  J.  A.  Westgote,  1964 


Control  psirsts  f  mainly  ^snu  seismic  S.W  point  efata) 
one  mile  as($th  at  ftss  ovet  qteaket  path  of  western 
LqI-F  of  slieet 

Contofirs  in  sastsra  Isalf*  firawn.  E^p  Jof^ely  from  ■fielii  evidanca 

Map  d.rawa  to  scale  I  me!)  to  2  miles  and  f-ed^esd  to 
I  inck  to  approKlmatsjy  4  miles 


LEGEND 


Glocfol  drtft  more  rfion  ?00  fee^  tJiIcIc 


Glociol  drift  50-100  feet  thick 


Gloctol  drift  0-50  feet  thick 

C/preH  Hills  Ploteou:  unglocloted;  some  loess, 
generally  less  thon  5  feet  thick 


Boundory  fairly  well  defined 
Boundary  opproximote  . 


THICKNESS  OF  DRIFT  IN  THE  FOREMOST-CYPRESS  HILLS 
AREA,  ALBERTA 


CANADA 


FOREMOST 
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LEGEND 


TERTIARY 


OI  igocene 


II  CYPRESS  HILLS  FORMATION:  conglomerafe; 

I  $o/>d$tone;  some  thin  i>entonite  beds. 

Poleocene 

IQ  RAVENSCRAG  FORMATION:  grey  sondsfone;  red, 
_  green  or»d  grey  cloys;  some  bentonite  beds. 

CRETACEOUS 


FRENCHAiWN  FORMATION:  grey,  buff-weotherIf>g 
sandstone. 

BATTLE  AND  WHITEMUD  FORMATIONS:  block, 
bentonitic  shole  and  volconic  osh;  light  grey,  greenish- 
"rey  ond  brown  cloys. 

fASTEND  FORMATION:  grey  sandstone,  shale;  cool 


BEARPAW  FORMATION:  dork  grey  shole;  sandstone, 
bentonite  beds. 

OLDMAN  FORMATION:  light-<oloured  shole  ox>d 
sondstone;  cool  seams  in  uppermost  port. 

FOREMOST  FORMATION:  dork  shole  ond  sandstone; 
cool  seoms. 

PAKOWKl  FORMATION:  dark  shole,  some  sondy 
beds. 

MILK  RIVER  FORM4TION:  orgilloceou.  soiriitons, 
sondstone,  sorsdy  shole;  streoks  of  lignite. 

ALBERTA  FORMATION:  dork  shale 


Geologicol  boundory  —  opproximote  . . 

Geological  boundory  —  ossumed  . 

*oulf  . 

Scole  in  miles 

9  4  - ^ 


^ffet  L.S.  Russell,  1940,  G.S.C.  mops  566A,  567A:  slightly  modified 
fter  L.  Lindoe  (written  communication  In  1963);  T.B.  Hoifes  and 
I.  von  Hees,  1962,  Jour.  Alberto  See.  Petrol.  Geol.,  vol.  10,  rso,  9; 
nd  fieldwork  by  J.A.  Westgote  during  the  period  1961-1963. 


Ij  This  Is  on  oreo  of  highly  disturbed  beds.  At  point  A,  o 
series  of  N.W,  -  S.  E.  oligned  thrust  fouits  bring  the  Alberto 
Shole  to  the  surfoce;  a  verticol  movement  of  over  3000  Feet. 

A  pronounced  grovity  onomoly  exists  In  this  area  ond  suggests 
that  this  deformotlon  is  due  to  the  emplocoment  of  on  igneous 
body  of  depth,  probobly  synchronous  with  the  Sweetgrass 
intrusions  in  Montano, 

^  Along  the  southern  slope  of  the  Cypress  Hills  the  upper¬ 
most  50  feet  of  stroto  hove  been  deformed  by  movement,  under 
grovity,  on  underlying  cloy  beds-e.g.  Bottle  ortd  Whltemud 
Formotioru, 
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